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Development of running motion in young children on the path
of the center of gravity of the whole body and the leg

Masashi MIYAMARU, Takashi YOKOI, Michiyoshi AE
Kenichi KATO, Kazuhiko NAKAMURA, Shinya KUNO

The purpose of this study was to cross-sectionally investigate the development of running motion
in young children, focusing on the path of the centers of gravity for the whole body (CG) and the leg
(Leg CG) as primary variable.

Subjects were 94 boys and 106 girls ranging from three to seven years of age. Running motion in
maximum sprinting was filmed with a 16mm cinecamera operating at 50 fps. Body segment
parameters of young children were obtained by using a method of Yokoi’s (1985) mathematical model.

The location of the CG, the Leg CG, and the toe during running were obtained by standard
cinematographical technique. The impulse per body mass during the support phase and selected joint
angles at the foot contact, the lowest point of the CG and the foot takeoff were also calculated.

The results were summarised as follows ;

1) Running velocity, step length and flight time/support time showed remarkable increase with
age, while step frequency showed no appreciable change. Therefore, the remarkable increase in
running velocity did not depend on the step frequency, but on the increase in step length.

2) Absolute vertical displacement of the CG was ranged 3 to 4 cm in boys and 4 to 5 cm in girls.
CG height/body height ranged 0.53 to 0.54 at the contact, 0.52 to 0.53 at the lowest point, and 0.55 to
0.56 at the highest point. Both variables showed no clear change due to aging and sex difference.

3) Horizontal displacement of the CG during one step increased with age. Only the horizontal
displacement of the CG during the nbnsupport phase in the ratio to the body height increased with age.
Averaged ascending angle from the lowest to the highest point of the CG decreased with aging. The
horizontal impulse per body mass showed no appreciable change and vertical impulse per body mass
increased with aging although support time decreased.

4) These results reveal that the undulating path of the CG for young children changed to flatter
one, namely the running motion of young children became less bouncy with increase in age.

5) Horizontal and vertical displacement of the path of the Leg CG and the toe relative to the
trochanter as a reference point increased with age. However, in the ratio to the body height, the
vertical displacement of both paths showed remarkable increase with aging than the horizontal
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displacement. The knee flexion of the free leg at the contact of the support leg, the lowest point and
the takeoff, and the lift of the free leg at the take off were increased with age. These results suggested
that the motor pattern of the leg during running gradually changed to the rotatory pattern covering
larger range of motion.

6) The sex difference of running motion in young children were found. The step frequency in boys
was greater than that of girls. The vertical displacement during one step, the horizontal displacement
during nonsupport phase, the vertical impulse during the second half of the support phase, and the
ascending angle of the CG for the girls were greater in each age than those of the boys. These results
indicate that the girls’ running motion can be characterized by the greater amount of vertical

oscillation of the CG than boys’.
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Tablel. Physical characteristics and running performance of subjects
Boys Girls

3yrs. 4yrs. Syrs. 6yrs. Tyrs. 4yrs. Syrs. 6yrs. Tyrs.

Number of subjects 5 13 29 24 23 10 34 33 29
Body height (cm) M 97.50 102.71 108.98 114.57 121.76 105.24 109.12 114.26 129.13
SD (3.78) (4.75) (5.16) (4.88) (4.42) (5.26) (4.28) (5.39) (4.67)
Body weight (kg) - M 16.88 16.79 18.68 20.29 24.11 - 17.40 19.34 21.37 22.31
SD (1.18) (1.82) (2.94) (2.85) (4.29) (1.99) (2.59) (3.59) (4.24)
Running velocity (m/s) M 3.29 3.84 4.21 4.84 5.14 3.61 4.20 4.63 4.74
SD (0.31) (0.35) (0.42) (0.25) (0.34) (0.35) (0.39) (0.38) (0.23)
Step length (cm) M 77.40 88.70 93.40 109.80 114.80 90.30 103.20 112.30 122.20
SD (8.10) (8.80)  (13.20) (9.10) (8.70) (6.70)  (10.00) (9.70) (8.30)
Step length/Height (%) M 79.40 86.37 85.84 95.84 94.28 85.80 94.58 98.28 102.58
SD (7.20) (6.30)  (11.10) (6.40) (6.70) (4.60) (7.00) (8.60) (6.20)
Step frequency (steps/s) M 4.26 4.36 4.56 4.44 4.49 4.01 4.08 4.14 3.89
SD (0.16) (0.49) (0.41) (0.37) (0.30) (0.40) (0.30) (0.33) (0.21)
Flight time/Support time M 0.31 0.49 0.48 0.54 0.65 0.52 0.61 0.62 0.69
SD (0.08) (0.07) (0.10) (0.07) (0.09) (0.09) . (0.09) (0.08) (0.09)
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Fig.1 Averaged running form in young children.
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Table 2. Kinematic variables of the path of the CG during one step
Variable Boys Girls
3yrs. 4yrs. Syrs. 6yrs. Tyrs. dyrs. Syrs. 6yrs. Tyrs.

Height of CG/Body height
On 0.53 0.54 0.53 0.54 0.53 0.54 0.53 0.53 0.53
Min 0.52 0.53 0.52 0.53 0.53 0.53 0.52 0.52 0.52
Off 0.56 0.56 0.55 0.56 0.56 0.56 0.56 0.55 0.56
Max 0.56 0.56 0.55 0.56 0.56 0.56 0.56 0.55 0.56
Horizontal displacement of CG(cm)
One step 77.4 88.7 93.4 109.8 114.8 90.3 103.2 122.3 122.2
Phase I 14.9 17.3 18.8 22.3 17.9 17.2 17.3 19.2 21.4
Phase I1 40.9 41.2 4.1 48.4 51.1 42.0 46.1 49.3 50.2
Phase III 21.6 30.2 31.2 39.1 45.8 31.1 39.8 43.8 50.6
Horizontal displacement of CG(one step) 0.79 0.86 0.86 0.96 0.94 0.86 0.94 0.98 1.02

Body height
Vertical displacement of CG(cm) .
Min—on -1.3 -1.4 -1.3 -1.3 -1.0 -1.5 -1.3 -1.3 -1.5
Off —min 3.3 3.3 3.3 3.2 3.8 4.0 4.2 4.1 4.5
Max—off 0 0.1 0.1 0.1 0.2 0.1 0.3 0.3 0.5
Max—min 3.3 3.4 3.4 3.3 4.0 4.1 4.5 4.4 5.0
Vertical displacement of CG(max-min) 0.033 0.033 0.031 0.029 0.033 0.039 0.041 0.038 0.042

Body height
Average ascending angle from the lowest 5.1 4.6 4.3 3.7 3.9 5.5 4.9 4.4 4.7
to the highest point of CG(deg.)

Note.

On=the foot contact ; Min=the lowest point ; Off =the foot takeoff ; Max =the highest point.

Phase I =the first half of the support phase ; Phase II =the second half of the support phase; Phase Il =the nonsupport

phase.
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Fig.2 Averaged path of the center of gravity
during running (one step) for boys and
girls. Black circles indicate the
location of the CG at the foot contact
(on), the lowest point (min), the foot
takeoff (off), and the highest point
(max). Phase I, the first half of the
support phase; Phase II, the second
half of the support phase; Phase III,
the nonsupport phase.
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Fig.3 Changes in horizontal and vertical
impulses for boys and girls with aging.
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Fig.4 Averaged path of the CG of the leg
and the toe during one cycle of runn-
ing for young children. The path was
redrawn relative to the trochanter as a
reference point.
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Table 3. Kinematic variables of the path of the Leg CG and the Toe during one cycle of running
Variable Boys Girls
3yrs. 4yrs. Syrs. 6yrs. Tyrs. dyrs. Syrs. 6yrs. Tyrs.
Horizontal displacement of the Leg CG {cm) 25.1 29.7 30.6 32.4 33.1 28.2 30.3 31.8 34.6
Horizontal displacement of the Leg CG (%) 25.8 28.9 28.2 28.3 27.1 26.8 27.8 27.8 29.0
Body height
Vertical displacement of the Leg CG (cm) 6.4 7.6 7.9 8.9 9.3 6.4 7.6 7.7 8.9
Vertical displacement of the leg CG (%) 6.6 7.4 7.3 7.8 7.7 6.1 7.0 6.7 7.5
Body height
Horizontal displacement of the Toe (cm) 65.4 70.7 75.3 81.0 84.6 73.1 78.1 82.1 88.7
Horizontal displacement of the Toe %) 67.0 68.9 69.2 70.7 69.5 69.5 71.6 71.9 74.5
Body height
Vertical displacement of the Toe (cm) 20.4 24.9 26.3 31.7 34.7 25.7 30.2 32.1 36.3
Vertical displacement of the Toe (%) 20.9 24.3 24.1 27.7 28.5 24.4 27.7 28.1 30.5
Body height
MIN
@
a0
®
Fig.5 Selected angles for the analysis of running motion at the foot contact (on), lowest
point (min), and foot takeoff (off).
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Table 4. Results of angular analysis of running motion at the instant of the foot contact, the
lowest point of the CG and the foot take-off.

3yrs. 4yrs. Syrs. 6yrs. Tyrs.

1 Angle between both thigh of the Boys 42.3 42.6 40.1 44.4 37.1
support leg and the free leg. Girls 42.5 43.4 48.4 44.2

2 Knee flexion of the free leg. Boys 101.1 86.6 85.2 82.7 75.1
Girls 89.6 82.3 83.2 76.9

On 3 Knee flexion of the support leg. Boys ‘151.2 148.1 146.7 145.1 144.9
N Girls 150.5 147.3 144.2 146.5

4 Angle between the thigh of the support Boys 133.5 135.2 135.2 133.1 136.2
leg and the torso. Girls 137.5 135.2 130.4 134.5

5 Angle between the shank of the Boys 86.9 89.9 91.7 92.0 95.9
support leg and the surface. Girls 88.9 91.0 91.5 91.2

1 Angle between both thigh of the Boys 7.6 0.2 -1.1 2.0 6.3
support leg and the free leg. Girls 7.8 6.8 12.4 7.5

2 Knee flexion of the free leg. ' Boys 80.1 62.3 63.4 60.7 56.8
Girls 66.7 62.7 59.3 53.3

Min 3 Knee flexion of the support leg. Boys 142.7 140.2 139.9 137.4 138.2
Girls 138.7 140.6 135.9 134.7

4 Angle between the thigh of the support Boys 147.0 150.6 151.8 149.7 148.4
leg and the torso. Girls 147.9 148.8 143.7 147.1

5 Angle between the shank - of the Boys 71.5 66.7 65.5 63.2 65.1
support leg and the surface. Girls 68.8 68.3 66.2 64.2

1 Angle of the leg lift. Boys 46.5 38.5 38.3 35.7 36.9
Girls 45.8 40.6 38.7 38.1

2 Angle between both thigh of the Boys 69.0 78.9 78.5 82.9 80.1
support leg and the free leg. Girls 7.7 78.8 79.8 79.4
Off 3 Angle of forward lean of the support Boys 57.1 57.1 56.3 53.7 55.4
leg. Girls 58.9 56.3 55.3 57.1

4 Knee extension of the support leg. Boys 149.9 147.4 146.3 145.3 145.2
Girls 151.4 151.1 147.9 147.4

5 Knee flexion of the free leg. Boys 131.1 114.6 113.9 103.8 96.6
Girls 126.5 113.7 102.6 103.7

(value in degree)
Note. On: the foot contact, Min : the lowest point of the CG, Off : the foot take-off.
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