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In a recent study in Pediatric Exercise Science, Ruf et al. (13) illustrated novel reference charts 26 

for sprint performance outcome measures by chronological age and ultrasound-based Tanner-27 

Whitehouse (TW) II skeletal age. Notwithstanding the study conclusions (13) advocating the 28 

construction of alternative reference charts against proxy measures of skeletal maturation in 29 

mind, the design of these reference charts (13) requires consideration of methodological 30 

requirements for valid development and evaluation before any implementation (5, 12, 15).  31 

 32 

Measurement accuracy is essential for constructing appropriate reference charts (6, 12). Data 33 

for dependent variables collected in less-standardized settings are prone to larger measurement 34 

error (14) that, if appreciably implausible, might lead to misclassifying an individual’s relative 35 

standing on a reference chart (6). The integrity of sprint performance-on-skeletal age centiles 36 

(13) also depended on the independent variable measurement accuracy determined using 37 

ultrasound procedures (13). Monitoring measurement processes is important for reference chart 38 

development, and it involves, for example, application of the Bland-Altman method (12). 39 

 40 

In this context, the width of the limits of agreement from a study in male and female adolescent 41 

athletes (7) revealed true differences for 95% of pairs of future manually-rated FELS (criterion) 42 

versus ultrasound-based (alternative) skeletal ages could be as high as ~2.55 y. Despite the 43 

study design (7), the lack of information relevant to the exact TW-II protocol (7), and 44 

considerations that methods provided skeletal ages that were comparable (13), the width of the 45 

limits of agreement (7), and not the mean bias, informs between-method comparison 46 

interpretations contingent on well-defined analytical goals (2). Accordingly, the width of these 47 

limits of agreement (7) was broad enough to suggest between-method disagreement and the 48 

potential for ultrasound assessments to produce also inaccurate TW-II skeletal ages for any 49 

sprint performance-on-skeletal age centile chart to be of practical value (2, 6, 12).  50 



More evidence for instrumentation-related measurement unreliability comes from descriptive 51 

statistics for TW-II skeletal age in Table 1 (13). Specifically, the 95% prediction intervals for 52 

the TW-II skeletal age in the U16 and U17 age groups, calculated using the reported mean and 53 

standard deviation estimates (1, 4, 13), ranged from ~14.7 to 18.7 y and ~15.6 to 18.8 y, 54 

respectively. Note that the upper limits of these intervals exceeded the TW-II skeletal age at 55 

full maturity for boys of 18.2 y and indicated the measurement range included individual data 56 

points that do not exist on the original TW-II scale (3) despite the fitted range (13). 57 

 58 

The construction of reference charts also deserves conceptual and contextual considerations (5, 59 

6, 12). First, it was unclear whether this study (13) aimed to pursue a prescriptive or descriptive 60 

approach (12). These centiles seem reconcilable with a descriptive approach given the study 61 

Methods (13), yet probably inconsistent even to define local references as unlikely 62 

representative of the broader German population of youth football players (6). Second, any 63 

advantage for selecting skeletal age, in place of chronological age, as a measure of time requires 64 

concrete evidence for justification (16) given the shape of the reference curves differed 65 

between-performance outcomes only (13). Prescriptive skeletal age centiles development may 66 

be difficult and can also limit a consistent tracking of the individual player over different career 67 

stages (8) considering biological maturation assessment seems unnecessary towards and 68 

beyond youth-to-senior transition phases. Despite also alternative illustrations of 95% 69 

prediction intervals for performance test outcomes by manually-rated TW-II skeletal age (10), 70 

chronological age centiles remain informative if contextualized against population-based 71 

growth velocity events (9, 11).  72 

 73 

Reference charts necessitate formal scrutiny before implementation and can be misleading if 74 

inconsistent with fundamental measurement requirements for valid development (5, 6, 12, 15). 75 
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