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Anthropometric PHV-prediction models versus skeletal age in elite Chinese U12–U13 male soccer players: a cross-sectional study
Supplementary Note S1. Ethics procedure
The anthropometric measurements and left hand–wrist radiographs analysed in this study were obtained during the routine annual maturity-monitoring programme of the national youth football training centre and were not collected for research purposes. Participants underwent no additional radiographic examination, experimental intervention, or alteration of their regular training or daily routines for this study, and received no additional ionising-radiation exposure beyond their standard annual monitoring.
At the data-collection stage, the monitoring programme was reviewed by the Ethics Committee of the China Institute of Sport Science, General Administration of Sport of China, which determined that it qualified for exemption from full ethics review on the grounds that it constituted routine, non-interventional athlete monitoring posing no more than minimal risk. Written informed consent for the routine monitoring was obtained from the parents or legal guardians of all participants, and assent was obtained from the participants themselves, before testing.
For the present study, the corresponding de-identified dataset was subsequently submitted to the same committee, which reviewed and approved its secondary use and publication for research purposes (approval no. 2026051401). All procedures adhered to the ethical principles of the Declaration of Helsinki.
Supplementary Note S2. The China 05 (CHN05) standard: background and rationale
China 05 (RUS-CHN) is the contemporary national skeletal-maturity reference for Chinese children and adolescents. It was developed by sports-science institutes under the General Administration of Sport of China and published in 2006, superseding the earlier CHN method (1992). The reference standards were derived from a 2005 sample of 17,401 healthy Han urban children aged 1–20 years from five Chinese cities; skeletal maturity was scored with the Tanner–Whitehouse 3 (TW3)-based RUS-CHN and TW3-C Carpal systems, and smoothed centile curves were constructed using the LMS method [1].
China 05 was selected because it provides a contemporary population-specific skeletal-maturity reference for Chinese children and adolescents, whereas the Greulich–Pyle (GP) atlas was derived from a historical, predominantly White North American reference population. Population- and ethnicity-related differences in GP-based bone-age patterns have been reported; a systematic review and meta-analysis of 49 studies found the GP standard to be imprecise when applied to Asian males and African females and recommended caution in these populations [2], and a broader methodological overview likewise notes the population limitations of the traditional GP and TW methods [3]. Accordingly, China 05 provides a population-relevant skeletal-maturity reference for the present Chinese cohort, while GP, TW3, and Fels remain recognised alternatives for other populations and purposes.
Supporting comparative evidence. A large comparative study evaluated the GP, CHN, and China 05 methods in 4,152 healthy Han Chinese children and adolescents aged 6–18 years [4]. Using the difference between assessed bone age and chronological age as an index of applicability, China 05 estimates were closest to chronological age—whereas GP and CHN showed larger deviations at several ages—providing direct support for the relevance of China 05 in Chinese children and adolescents. On this basis, China 05 was selected as the concurrent skeletal-maturity comparator in the present study. Because skeletal maturity is assessed from hand–wrist radiographs against population reference standards, China 05 applies to Chinese youth athletes as members of this reference population; it is a population reference rather than an athlete-specific standard. Athlete-specific calibration is therefore identified for the anthropometric PHV-prediction models rather than for the skeletal-age reference, as noted in the main text.
Supplementary Table S1. Additional ordinal-logistic-regression model-fit statistics
Supplementary Table S1 reports additional ordinal-logistic-regression model-fit statistics. −2LL, −2 log likelihood; LR χ², likelihood-ratio chi-square; Wald p, significance of the location parameter. All Wald tests were significant at p < 0.001.
	Indicator
	Age
	Model
	−2LL
	LR χ²
	Wald p

	MO
	U12
	Mirwald (2002)
	140.630
	47.907
	<0.001

	MO
	U12
	Moore (2015)
	158.123
	30.414
	<0.001

	MO
	U12
	Fransen (2018)
	132.573
	55.964
	<0.001

	MO
	U13
	Mirwald (2002)
	275.476
	79.190
	<0.001

	MO
	U13
	Moore (2015)
	307.384
	47.282
	<0.001

	MO
	U13
	Fransen (2018)
	289.549
	65.117
	<0.001

	APHV
	U12
	Mirwald (2002)
	98.119
	90.417
	<0.001

	APHV
	U12
	Moore (2015)
	100.496
	88.041
	<0.001

	APHV
	U12
	Fransen (2018)
	99.661
	88.876
	<0.001

	APHV
	U13
	Mirwald (2002)
	240.849
	113.816
	<0.001

	APHV
	U13
	Moore (2015)
	239.624
	115.042
	<0.001

	APHV
	U13
	Fransen (2018)
	266.858
	87.808
	<0.001



Supplementary Table S2. Comparison of the three PHV-prediction models: predicted-value dispersion, Pearson correlation, and individual-level error against the skeletal-age offset (SO)
Predicted age at peak height velocity (APHV) is summarised by age group and model. Individual-level error (MAE, RMSE) and proportional bias were computed from the difference between SO and the APHV index centred within each age group and model (the same complementary Bland–Altman framework as Table 10). All correlations were significant at p < 0.001.
	Age
	Model
	APHV, mean (SD), years
	APHV range, years
	r (SO, APHV)
	MAE, years
	RMSE, years
	Proportional-bias r

	U12
	Mirwald (2002)
	13.46 (0.57)
	11.58–14.52 (2.94)
	-0.797
	0.46
	0.60
	0.651

	U12
	Moore
(2015)
	13.32 (0.40)
	12.24–14.45 (2.21)
	-0.777
	0.51
	0.68
	0.841

	U12
	Fransen (2018)
	[bookmark: _GoBack]13.30 (0.73)
	11.05–14.58 (3.53)
	-0.792
	0.45
	0.58
	0.387

	U13
	Mirwald (2002)
	13.50 (0.65)
	12.01–15.21 (3.20)
	-0.720
	0.64
	0.81
	0.652

	U13
	Moore (2015)
	13.41 (0.42)
	12.47–14.63 (2.16)
	-0.729
	0.70
	0.89
	0.866

	U13
	Fransen (2018)
	13.38 (0.79)
	11.62–16.31 (4.68)
	-0.651
	0.67
	0.87
	0.439


Note. The Moore model produced the smallest standard deviation and the narrowest range of predicted APHV and, despite comparable Pearson correlations (r), showed the largest MAE, RMSE, and proportional bias in both age groups, indicating compression of real between-individual maturity differences and poorer individual-level correspondence with skeletal age. The Fransen model (U12) and the Mirwald model (U13) showed the lowest individual-level error. Because Pearson r and AUC are invariant to linear scaling, a larger |r| does not imply closer individual-level agreement. APHV, age at peak height velocity; MAE, mean absolute error; RMSE, root mean square error; SD, standard deviation; SO, skeletal-age offset.
Supplementary Table S3. Inter-model Pearson correlations between the three PHV-prediction models for predicted APHV and MO, by age group (N = 313).
	Indicator
	Age group
	Model pair
	r
	95% CI

	APHV
	U12
	Mirwald–Moore
	0.918
	0.885–0.942

	APHV
	U12
	Mirwald–Fransen
	0.995
	0.993–0.996

	APHV
	U12
	Moore–Fransen
	0.929
	0.899–0.950

	APHV
	U13
	Mirwald–Moore
	0.775
	0.711–0.826

	APHV
	U13
	Mirwald–Fransen
	0.962
	0.950–0.972

	APHV
	U13
	Moore–Fransen
	0.672
	0.585–0.743

	MO
	U12
	Mirwald–Moore
	0.883
	0.836–0.917

	MO
	U12
	Mirwald–Fransen
	0.990
	0.985–0.993

	MO
	U12
	Moore–Fransen
	0.882
	0.836–0.916

	MO
	U13
	Mirwald–Moore
	0.697
	0.616–0.764

	MO
	U13
	Mirwald–Fransen
	0.947
	0.930–0.960

	MO
	U13
	Moore–Fransen
	0.537
	0.428–0.631


Note. All correlations were significant at p < 0.001. Correlations quantify linear association, not interchangeability of absolute values: the Mirwald and Fransen models were almost perfectly correlated (r = 0.95–0.995) and ranked players very similarly, whereas the Moore model correlated less strongly with the other two, particularly in U13 (r as low as 0.54 for MO). Because the models also differ in mean, standard deviation, and range of predicted values (Table S2), high Pearson correlation does not imply that absolute APHV or MO values are interchangeable across models. APHV, age at peak height velocity; MO, maturity offset; CI, confidence interval.
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