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Magnetic Resonance (MR) images (McLean 2010). Specifically lateral tibial slope (LTS) angle, and normalized (body weight) anterior cruciate ligament (ACL) and intercondylar notch (ICN) 

volume. Subjects were stratified into early, mid and later pubertal groups via two previously validated methods; the Pubertal Maturation Observation Scale (PMOS) (Quatman et al., 2006) and 

the Skeletal Maturation Scale (SMS) (O’Connor et al., 2012). The main effect of maturation on each measure was examined via two-tailed t-tests and compared between scales. An alpha level 

of p=0.05 denoted statistical significance. 

RESULTS: Using the SMS, 3 (avg=10 yrs), 5(avg=14 yrs), 5(avg=14 yrs) subjects were stratified into respective early, mid, and late maturation groups, with significant differences in ACL 

volumes and LTS angle between early/mid groups and in all measures between early/late groups. Using the PMOS 5 (avg=11.4 yrs), 0, and 8 (avg=15 yrs) subjects were stratified into 

respective early, mid, and late maturation groups with a significant difference in ACL volume between early/late groups. 

CONCLUSIONS: Current results demonstrate the observed sensitivity of key knee morphologies to maturation status is directly dependent on the overarching maturation stratification method. With 

such morphologies considered key risk factors for knee injury, an inaccurate delineation of maturation state may adversely impact future risk screening and prevention methods. In particular, 

determination of optimal timing for implementing these methods may be compromised. Maturation stratification via tibial and femoral epiphyseal plate data, as with the SMS approach, appears to 

provide the most objective means of defining maturation state as this research theme continues to move forward. 
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Maturational Changes in the Rate of Torque Development 
Izabella Ludwa1, Glenn Jenkins1, Steve Hansen2, Raffy Dotan1, Panagiota Klentrou1, Bareket Falk1. 1Brock University, St. Catharines, ON, Canada. 
2Nipissing University, North Bay, ON, Canada. (Sponsor: Dr. David Gabriel, FACSM) 
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Children are characterized by lower muscle strength compared with adults, even after correcting for size differences. Their maximal rate of force development has also been demonstrated to be 

lower than adults’. 
PURPOSE: To investigate maturational changes in the rate of force development and the factors that may affect these changes. 
METHODS: Participants were 21 pre-pubertal (PPm; 9.9±1.3yrs), 17 late-pubertal (LPm; 13.6±1.5yrs), and 14 adult (Am; 21.8±1.7yrs) males; as well as 35 pre-pubertal (PPf; 9.8±1.1yrs), 13 

late-pubertal (LPf; 13.5±1.8yrs), and 15 adult (AF; 21.4±2.1yrs) females. Knee extension peak torque (PT) and rate of torque development (RTD) were determined isometrically as well as 

isokinetically at 60 and 240°/s (Biodex System 3). Quadriceps muscle cross-sectional area (CSA) was estimated ultrasonically (GE Vingmed, B-Mode, 5Hz). Electromyography (EMG) was 

used to determine electro-mechanical delay (EMD) and the initial rate of EMG rise (Q30). 
RESULTS: PT and RTD were significantly higher in males and increased significantly with maturity at all velocities, even after correction for muscle CSA. However, there were no significant 

differences in RTD between LP and adults of both sexes. The male isometric RTD was 60.1±19.9, 89.6±32.7, and 87.4±29.5 Nm.s-1.cm-2 in PPm, LPm and Am, respectively. A similar pattern 

was observed for females, as well as in the isokinetic contractions. EMD was similar in males and females and decreased with maturity. The male isometric EMD was 72.6±18.9, 66.8±11.5, and 

62.4±21.7ms in PPm, LPm and Am, respectively. A similar pattern was observed for females. EMD was negatively correlated with RTD (r=-0.26 to -0.31). On the other hand, no group 

differences were observed in the initial rate of EMG rise and it was not correlated with RTD. 
CONCLUSIONS: Since EMD partly reflects musculo-tendinous stiffness, the results suggest that maturity-related differences in RTD are partly explained by age-related changes in musculo-

tendinous stiffness, but not by changes in the rate of EMG rise. Further research is needed to examine maturity-related changes in neuromuscular factors which may affect muscle function. 
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Sex-specific Relationships Between Physical Activity, Maturity, Calcium, And Bone, Muscle And Fat In Peri-pubertal Children 
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Relationships between physical activity (PA), maturity, diet and musculoskeletal status have been observed during childhood, but sex-specific differences are poorly understood. 

PURPOSE: To examine the sex-specific relationships between PA, biological maturity and calcium consumption and indices of musculoskeletal health in a cohort of healthy pre- and peri-

pubertal girls and boys. 

METHODS: 330 eligible children volunteered to participate. Maturity was defined as years from age of peak high velocity (YAPHV); determined from height, weight and sitting height. 

Historical PA was derived from the Bone-specific Physical Activity Questionnaire (BPAQ). Calcium consumption was determined from the Australian Children and Adolescent Eating Survey 

(ACAES). Markers of musculoskeletal health, including calcaneal broadband ultrasound attenuation (BUA) (Achilles, GE), whole body (WB), lumbar spine (LS), femoral neck (FN) and 

trochanteric (TR) bone mineral density (BMD), lean mass (LM) and percent fat (%fat) (DXA, XR-800, Norland), tibial volumetric density at the 4% site and cortical thickness at the 38% site 

(pQCT, XCT3000, Stratec) were measured. 

RESULTS: There were no sex differences in any variable except YAPHV, which was greater in boys (p< 0.001), and BPAQ score which was greater in girls (p<0.001). YAPHV predicted 

variance in WB BMD (R2=0.61; p<0.001), LS BMD (R2=0.21; p=0.01), %fat (R2=0.23; p=0.01) and LM (R2=0.75; p<0.001) for boys. YAPHV predicted roughly the same degree of variance 

in WB BMD (R2=0.59; p=0.001), LS BMD (R2= 0.30; p<0.05), and a slightly greater amount of TR BMD (R2=0.54, p=0.002), and LM (R2=0.84; p<0.001), for girls; also explaining variance 

in FN BMD (R2=0.50; p=0.003) and BUA (R2=0.29; p<0.001). Tibial cortical thickness was related to YAPHV for girls (r=0.52, p<0.03) and boys (r=0.65, p<0.0001). Tibial volumetric 

density at the 4% site was related to YAPHV only for girls (r=0.59, p=0.01). Neither calcium nor PA explained variance in any musculoskeletal variable for either sex in regression models. 

CONCLUSIONS: Maturity, defined as years from age of peak height velocity, largely accounts for variance in bone, fat and muscle status in both male and female pre- and peri-pubertal 

children, while PA and calcium are less influential. YAPHV predicted FN, TR BMD and calcaneal BUA in girls only. 
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Passive stretching is often performed with the intent to increase maximum range of motion (MROM) and reduce passive stiffness. Due to the number of aging-related changes in neuromuscular 

function, older adults may respond differently to an acute bout of passive stretching.  

PURPOSE: To examine the influence of aging on the acute stretching-induced changes in MROM and passive stiffness. 

METHODS: Twenty-one healthy young (22.4 ± 1.9 yrs) and 19 old (69.8 ± 5.5 yrs) men performed MROM assessments of the plantar flexor muscles on a modified, custom-built load-cell 

apparatus connected to a calibrated Biodex System 3 dynamometer prior to and following nine 135-s passive stretches. Position (°) and torque (Nm) values were sampled from the 

dynamometer, while EMG amplitude values (µV) were recorded from the soleus and medial gastrocnemius muscles. Passive stiffness values (Nm°-1) were calculated from the gravity corrected 

angle-torque curve using a fourth-order polynomial function at every other degree (θ) for the final common 5° range of motion (θ1, θ3, and θ5). MROM was calculated from the highest 

average range of motion values (40-ms epoch). A two- and three-way mixed factorial ANOVA were used to analyze passive stiffness and MROM, respectively. ANCOVA was used to analyze 

the magnitude of change when baseline values were different. 

RESULTS: Pre-stretching MROM was greater in the young than the old (P=0.024), however, there were no differences in MROM between age groups after stretching (P=0.229). ANCOVA 

demonstrated that the corrected post-stretching MROM values were greater for the old than the young (P=0.028). Passive stiffness values were greater for the young than the old at all time 

points, increased across joint angles (θ1<θ3<θ5) and decreased from pre- to post-stretching for both the young and the old (P<0.001). ANCOVA showed that the corrected post-stretching 

passive stiffness values were similar between the young and the old (P=0.166 - 0.621) at each joint angle. 

CONCLUSIONS: The older adults achieved greater increases in MROM (young=5% vs. old=8%) following an acute bout of passive stretching, despite similar decreases in passive stiffness. 

This age-related increase in MROM may have been due to impairments in stretch reflex feedback mechanisms. 

Copyright © 2013 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.




