[image: Representative second harmonic generation images of uterine cross-sections from all specimens in the control, low, medium, and high phthalate exposure groups. Exposed specimens generally show a smaller endometrial compartment relative to the myometrium compared with controls, illustrating exposure-associated remodeling of uterine wall geometry.]
Supplementary Fig. S1. Representative second harmonic generation images of uterine cross-sections across experimental groups. Images show one uterine cross-section from each specimen (n = 4 specimens per group) in the control, low, medium, and high exposure groups. The images show exposure-associated differences in relative uterine wall geometry, with a smaller Em compartment relative to the myometrium in the exposed groups compared with the control group. Imaging conditions were optimized for visualization of the myometrium rather than the endometrium. Scale bar = 1000 µm.



[image: Quantitative comparison of additional uterine structural measurements across control and phthalate-exposed groups, including circumferential myometrium area, longitudinal myometrium area, total uterine cross-sectional area, and local endometrial thickness. Plots show specimen-level measurements and distributions of local endometrial thickness across exposure groups.]
Supplementary Fig. S2. Additional uterine structural parameters across control and phthalate-exposed groups. Quantification of (A) total circumferential myometrium (CM) area, (B) total longitudinal myometrium (LM) area, (C) total uterine cross-sectional area, and (D) local endometrial (Em) thickness across control and low, medium, and high phthalate exposure groups. In A–C, each specimen yielded a single measurement calculated from the segmented uterine cross-section; boxplots show the median (center line), interquartile range (box), and whiskers extending to the most extreme data points within 1.5× the interquartile range, with individual points representing individual specimens. In D, local Em thickness was sampled at 50 locations per specimen; lightly colored points represent the individual local thickness measurements, while larger colored points indicate specimen-level mean thickness. Statistical comparisons were performed using one-way ANOVA followed by Tukey’s post hoc test. P < 0.05, P < 0.01, P < 0.001.




[image: Heatmap of Spearman correlations between uterine structural parameters and inflation work, toe-region stiffness, linear-region stiffness, and final inflation resistance. Endometrial measures generally show negative associations with mechanical resistance, circumferential-myometrium-related measures generally show positive associations, and longitudinal-myometrium measures show weaker or nonsignificant associations.]
Supplementary Fig. S3. Associations between uterine structural parameters and organ-level inflation mechanics. Heatmap showing Spearman rank correlations between measured uterine structural parameters and inflation work, toe-region stiffness, linear-region stiffness, and final inflation resistance across all specimens. Values within each cell indicate Spearman’s correlation coefficient (ρ), with significance determined from the corresponding correlation P-values. Positive correlations indicate that increasing values of the structural parameter were associated with increasing mechanical parameters, whereas negative correlations indicate inverse associations. P < 0.05, P < 0.01, P < 0.001; ns, not significant.
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Supplementary Fig. S4. Mesh convergence and computational cost of the finite element model. (A) Mesh convergence assessed from radial displacement along the inner and outer uterine wall contours. The coarse, reference, and fine uterine-wall meshes contained 41,046, 76,522, and 289,627 elements, respectively. Normalized root-mean-square error (RMSE) was calculated between the reference mesh and the coarse and fine meshes using corresponding contour locations. (B) Computational time required for the coarse, reference, and fine meshes. The reference mesh provided a balance between numerical convergence and computational cost and was therefore used for subsequent finite element simulations.

[image: ]
Supplementary Fig. S5. Balloon calibration used to convert experimental inflation volume to equivalent cross-sectional area. (A) Experimentally measured balloon diameter as a function of prescribed injected balloon volume during unconstrained balloon inflation. Measured diameter values were used to establish the volume–diameter relationship over the experimental inflation range. (B) Corresponding change in equivalent balloon cross-sectional area (ΔA) as a function of injected balloon volume. Cross-sectional area was calculated from the interpolated balloon diameter assuming a circular transverse profile, and the initial area was subtracted to obtain ΔA. This calibration was used to convert the experimentally measured pressure–volume response to pressure–ΔA coordinates for comparison with the two-dimensional finite element simulations.
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Structural parameters versus inflation mechanics
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