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• Running-related overuse injuries 
are common, and there is evidence 
that links altered kinematics to 
running-related injury.

• While previous studies have 
identified normal running 
biomechanics in adults, there is 
little research on youth distance 
runners. The current normative 
biomechanical values and 
guidelines for adults may not apply 
to adolescent runners. 

• This study aims to describe two-
dimensional running kinematics in 
healthy adolescent distance 
runners.

§ 36 runners participated (50% males), mean age of 16 years old. 
§ Mean training volume at the time of participation was 19 miles per 

week. 
§ 44% were “highly specialized” according to the Jayanthi Sports 

Specialization score and the mean HSS Pedi-FABS score was 20.8.

• Healthy, uninjured runners between 
14 and 18 years of age who ran a 
minimum of 5 miles per week.

• Exclusion criteria: history of lower 
extremity deformity or surgery, 
chronic musculoskeletal or 
neuromuscular disease, pain 
anywhere in the body at the time of 
the study, or an acute injury three 
months prior to participation in the 
study that led to inability to run ≥ 3
consecutive days

• Markers were applied to anatomic landmarks throughout the 
trunk, pelvis, and lower extremities.

• After a 6 min warm-up, athletes ran at a self-selected speed on a 
treadmill.

• 30 second video clips were obtained using one high-definition 
camera from 5 views.

• Frontal and sagittal plane running kinematics were assessed 
using Dartfish Motion Analysis Software™. Mean (SD) Recommended 

adult values

N (%) in 
recommended 

adult range (out 
of 72 limbs)

N (%) in 
recommended 

adult range 
bilaterally (out of 
36 participants)

Knee flexion 
angle at IC 
(degrees)

13.13 (3.96) 20-25 1–3 0 (0%) 0 (0%) 

Knee flexion 
angle at MS 
(degrees)

44.53 (3.47) 40-45 1,4 33 (46%) 13 (36%)

Tibial 
inclination 
angle 
(degrees)

8.68 (2.86) 0-5 5,6 9 (12.5%) 3 (4%)

Hip extension 
angle 
(degrees)

3.95 (3.20) 8-11 7,8 5 (7%) 1 (1%)

Forward trunk 
lean (degrees) 10.60 (3.97) 5-10 6 - 15 (42%)

Cadence 
(steps per 
minute)

170.67 
(8.04) 170-180 7 - 18 (50%)

Pelvic drop 
(degrees) 5.80 (2.28) 5-7 6 28 (39%) 2 (5.5%)
Peak rear foot 
eversion 
(degrees)

11.72 (3.60) 6-8 1,3 9 (12.5%) 2 (5.5%)

• This study is the first to describe 
2D running kinematics in a 
healthy cohort of pediatric and 
adolescent runners.

• Healthy, competitive adolescent 
runners displayed 
running kinematics that were 
frequently outside of the range 
recommended for adult runners. 

• It may be necessary to establish a 
separate set of kinematic 
recommendations for adolescent 
runners. 

• Future studies should determine 
kinematic differences between 
healthy and injured adolescent 
runners.
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IC= Initial Contact; MS= Midstance


