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Supplemental Digital Content 1 
Force platform measurements  of the sprint and hopping exercises
In order to estimate the sport-specific bone loading characteristics, we determined ground reaction forces in both sprint and hopping exercises. After a warm-up of about 30-45 min and several submaximal trials, the athletes performed two maximal 30 m sprints and two maximal 60 m sprints. The sprints were performed from a standing start in spiked running shoes on an indoor synthetic track. A rest interval between each run of 5-7 mins was given so as to allow complete recovery. 
Vertical (Fz) and horizontal (Fy) anterior-posterior GRFs were measured during the maximal speed phase of the 60 m trials (from 30 m onwards) using a 9.4–m long track-mounted force platform system. The system consisted of nine tartan-surfaced force plates (five 2-D and three 3-D force plates, 0.9 × 1.0 m, natural frequency ≥170 Hz, nonlinearity ≤1%, cross-talk ≤ 2%, TR test; and one Kistler 3-D force plate 0.9 × 0.9 m, natural frequency 400 Hz, Kistler) connected in series. The force signals were sampled at 1000 Hz and stored on a microcomputer via an AT Codas analog-to-digital converter card (Dataq Instruments). The maximum 10-m running velocity over the force platform and the 60-m trial times were measured by photocell gates (Newtest). The sprints over the force platform were also videotaped (Redlake Motionscope, 500C; 125Hz, 1/500; Redlake) in lateral view to evaluate the foot-strike pattern during the runs. 
The force platform data were analyzed using custom-written software (University of Jyväskylä). Maximum loading rate (LRmax) was defined as the greatest instantaneous slope of the vertical GRF trace (3). The other parameters taken in the final analysis were maximum resultant GRF in the braking (Frbrake-max) and push-off (Frpush-max) phases of the contact. The resultant GRF is a 2-D vector composed of the vertical and horizontal anterior/posterior GRF components. The transition point from negative to positive values in the anterior-posterior GRF curve was use to divide contact phase in the braking (eccentric) and push-off (concentric) phases (4). A vertical force threshold of 20 N was used to identify the beginning and end of the ground contact. For the purpose of this study the GRF parameters were determined for the dominant leg (average score of 3-6 successful contacts). The CVs for first three contacts (n=80) were 16.8% for LRmax, 7.4% for Frbrake-max and 5.0% for Frpush-max. No age effect was seen in CV%. 
After the sprint tests, the athletes performed a reactive hopping test on the same force platform system with normal running shoes. The test involved a series of two-legged vertical hopsover a period of 10 s (14-17 hops/test), keeping the hands on the hips and legs as extended as possible to emphasize the use of ankle plantar flexors (2). The subjects were instructed to hop as high as possible while minimizing the contact time. Two successful 10-s tests were recorded (with 5-7 min rest between trials) for each subject and the vertical GRF data of better test were further analyzed using custom-written software. The first and last hops of the 10-s trial were excluded and the six hops with the highest Fzpush-max were taken to calculate hopping height, maximum instantaneous loading rate (LRmax), maximum vertical GRF during the braking (Fzbrake-max) and push-off (Fzpush-max) phases of contact. In addition, based on vertical force-time curve characteristics the hopping performance was also analyzed average mechanical power in the braking (Pbrake-ave) and push-off (Ppush-ave) phases (1). A few subjects showed heel contact and a resulting impact peak in the hopping test. However, as in the sprint evaluation, we included these contacts in the analyses to obtain a more accurate record of the maximal loading to which the bone is exposed when using the athlete’s preferred jumping technique. The CV for the average score of six hops (n=78) was 7.4% for hopping height, 25.2% for LRmax, 5.1% for Fzbrake-max, 5.8% for Fzpush-max, 6.3% for Pbrake-ave, and 6.6% for Ppush-ave. No age effect was seen in CV%. Supplementary Figure 1 illustrates the GRFs in the sprint and hopping exercises for athletes from the youngest and oldest groups.
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Supplementary Figure 1. Examples of vertical (Fz) and horizontal antero-posterior (Fy) ground reaction force (GRF)-time curves in sprint running and vertical GRF force-time curves in reactive hopping. For the final analysis of sprint performance the vertical and horizontal GRFs were combined to obtain resultant GRFs (Fr) while the evaluation of the reactive hopping consisted of the vertical component. In both sprint and hopping exercises maximum instantaneous loading rate (LRmax) was measured from the vertical GRF data. The broken lines are for a 40-yr-old athlete (Vmax: 9.5 m/s; jump height: 35 cm) and the solid lines are for a 71-yr-old athlete (Vmax: 7.2 m/s; hopping height 21 cm). BW, body weight.
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