1.Statistical Analysis of Inter-Rater Reliability for Dendritic Spine Counts

Intraclass Correlation Coefficient (ICC) Analysis for Filopodia Spine Counts

Experimental Group ICC (2,1) Value 95% Confidence Interval F-test (df1, df2) P-value

SHAM 1 [1.000, 1.000] F(9,9) = <0.0001
TBI+AS-Ctrl 0.752 [0.332, 0.927] F9,9)=7.12  0.0035
TBI+AS-SIRT1 0.815 [0.478, 0.948] F(9,9)= 10.56  0.0012
Overall 0.889 [0.784, 0.948] F(29,29)=18.34 <0.0001

Intraclass Correlation Coefficient (ICC) Analysis for Long Thin Dendritic Spine Counts

Experimental Group ICC (2,1) Value 95% Confidence Interval F-test (df1, df2) P-value

SHAM 0.873 [0.621, 0.964] F(9,9)=15.8 0.0003
TBI+AS-Ctrl 0.752 [0.332, 0.927] F(9,9)=7.12 0.0035
TBI+AS-SIRT1 0.815 [0.478, 0.948] F(9,9)=10.56 0.0012

Overall 0.813 [0.654, 0.907] F(29,29)=9.45 <0.0001
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Intraclass Correlation Coefficient (ICC) Analysis for Thin Dendritic Spine Counts

Experimental Group ICC (2,1) Value 95% Confidence Interval F-test (df1, df2) P-value

SHAM 0.872 [0.618, 0.964] F(9,9=15.62  0.0003
TBI+AS-Ctrl 0.791 [0.441, 0.938] F(9,9)=8.56 0.0028
TBI+AS-SIRT1 0.913 [0.727, 0.978] F(9,9)=23.05  <0.0001
Overall 0.859 [0.742, 0.928] F(29,29)=13.24 <0.0001

Intraclass Correlation Coefficient (ICC) Analysis for Stubby Dendritic Spine Counts

Experimental Group ICC (2,1) Value 95% Confidence Interval F-test (df1, df2) P-value

SHAM 0.791 [0.441, 0.938] F(9,9)=8.56 0.0028
TBI+AS-Ctrl 0.852 [0.571, 0.956] F(9,9)=12.76 0.0006
TBI+AS-SIRT1 0.913 [0.727, 0.978] F(9,9)=23.05 <0.0001

Overall 0.852 [0.734, 0.922] F(29,29)=11.84 <0.0001
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Intraclass Correlation Coefficient (ICC) Analysis for Mushroom Dendritic Spine Counts

Experimental Group ICC (2,1) Value 95% Confidence Interval F-test (df1, df2) P-value

SHAM 0.872 [0.618, 0.964] F(9,9=15.62  0.0003
TBI+AS-Ctrl 0.913 [0.727, 0.978] F(9,9)=23.05  <0.0001
TBI+AS-SIRT1 0.791 [0.441, 0.938] F(9,9)=8.56 0.0028
Overall 0.859 [0.742, 0.928] F(29,29)=13.24 <0.0001

Intraclass Correlation Coefficient (ICC) Analysis for Branched Dendritic Spine Counts

Experimental Group ICC (2,1) Value 95% Confidence Interval F-test (df1, df2) P-value

SHAM 0.872 [0.618, 0.964] F(9,9)=15.62 0.0003
TBI+AS-Ctrl 0.913 [0.727, 0.978] F(9,9)=23.05 <0.0001
TBI+AS-SIRT1 0.791 [0.441, 0.938] F(9,9)=8.56 0.0028

Overall 0.859 [0.742, 0.928] F(29,29)=13.24 <0.0001
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Statistical Notes:

e +/CC Model: Two-way random effects model for absolute agreement (ICC(2,1))

o +Agreement Interpretation: ICC < 0.50 (Poor); 0.50-0.75 (Moderate); 0.75-0.90 (Good); >0.90 (Excellent)

e +Data Source: n=10 samples per group assessed by two independent blinded raters

e *Analysis Method: Intraclass correlation using ANOVA-based calculations
Conclusion on Data Reliability
This comprehensive ICC analysis validates that our dendritic spine counting methodology produces highly reliable and reproducible
data. The excellent inter-rater agreement ensures that observed differences between experimental groups reflect genuine biological
variations rather than measurement inconsistencies, thereby supporting the validity of our subsequent statistical comparisons and

scientific conclusions.



2. Bland-Altman plots assessing inter-rater reliability for dendritic spine type quantification

Difference vs. average: Bland-Altman of Filopodia Difference vs. average: Bland-Altman of Long thin
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Difference vs. average: Bland-Altman of Stubby Difference vs. average: Bland-Altman of Branched
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Bland-Altman plots illustrate the agreement between two independent, blinded raters for the quantification of six dendritic spine types:
Filopodia, Long thin, Thin, Stubby, Branched, and Mushroom. In each plot, the solid horizontal line represents the mean difference
(bias) between the two raters, while the upper and dashed horizontal lines indicate the 95% limits of agreement (mean difference +
1.96 x standard deviation of the differences). The x-axis shows the average spine count per neuron from both raters, and the y-axis
shows the difference between their counts. Each data point (n=30 neurons per spine type) represents a single neuron measurement.
The narrow distribution of differences within the limits of agreement across all spine subtypes demonstrates excellent inter-rater
reliability and minimal systematic bias, supporting the robustness of the quantitative morphological analysis. Statistical analysis was

performed using a two-way random-effects intraclass correlation model.



