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ABSTRACT

The aim of the present study was to investigate effect of running speed conditions on the kinematic pattern of the metatarsus,

mid-foot, calcaneus. Twenty-two healthy young adults were made to run on treadmill at three different running speeds(normal speed,

9.2; slow speed, 7.4; fast speed, 11.1km/hr.) and the trajectories of the 10 reflective markers for each subject were recorded by an

eight-camera motion capture system at 200 Hz. Three-dimensional angles for the foot segment in the support phase during running
were calculated according to Euler’s technique. Results showed that running speed did not affect the peak of the dorsi/plantar flexion,
inversion/eversion, and adduction/abduction or their range of motion for each foot segment. However, when the running speed was

fast, significant differences were found in the peak of the plantar flexion, eversion, and adduction and ROM(range of motion) of the

dorsifplantar flexion, inversion/eversion, and adductionfabduction between the foot segments, metatarsus, mid-foot, and calcaneus. It

was proposed that the foot segment should be analyzed from a multi-segment system point of view on the basis of anatomical

reference during locomotion.
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Table 1. Characteristics of subjects and experimental conditions

Height ~ Mass Age Normal Slow speed  Fast speed
(cm) (kg (rs) Speedkoyh)  (km/h) (kny/h)

1725 69.3 220 92 74 11.1
+77 X£77 *24 +09 +07 *11
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Figure 1. Markers placement and coordination set-up
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Figure 2. Ensemble of dorsifplantar flexion.
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Figure 4. Ensemble of adduction/abduction

(unit: deg.)

Table 2. Mean@SD) of movement angles selected for each foot segment by running speed conditions

metatarsus

mid-foot

calcaneus

fast slow normal fast slow normal fast

nomal

slow

60.5(6.9) 63.4(6.5) 67.809.8) 66.2(8.1) 70.38.3) 73409.1) 73.1(7.4) 76.3(7.8)

62.6(8.3)

Dorsifplantar flex. ROM

6.4(45) 6.6(5.6) 8.0(5.6) 8.7(62) 9.7(7.0) 53(4.6) 6.7(4.7) 6.7(59)

6.165.1)

Dorsifl. Max

54059  56746)  -598(58) 571545  -6054.1) 6810700 664(53)  -69.54.7)

-56.5(6.7)

Plantar. Max

9522 10.6(2.5) 16.2(4.4) 15.8(3.9) 17.6(4.3) 18.06.1) 16.0(4.3) 19.3(7.3)

10.12.7)

Eve/Inv. ROM

6.03.1) 7.1(3.5) 11.6(5.0) 10.7(4.5) 12.2(5.0) 13.5(5.4) 12.3(4.6) 15.38.3)

6.4(3.7)

Eversion Max.

-3.42.8) -35(3.1) -4.5(2.6) -5.12.9) -5.3(2.8) -45(3.3) -32(2.0) -4.02.8)

-3.7(34)

Inversion Max.

7.6(2.5) 792.3) 10.3(2.6) 112(32) 12.02.5) 14.9(4.0) 15.7(3.8) 16.5(3.9)

7.1225)

Abdfadd. ROM

10235 10238  9.0(4.6) 9.0(4.4) 9538 11361 10855 12957

10.4(4.3)

Abd. Max

2.5(39) 2342  -1352) 2146 25646 3504 4954 3564

32039

Add. Max.
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Table 3. F-values and their significant level of within and between foot segments by running speed conditions

Calcaneus(ca) Mid-foot(mid) Metatarsus(met) Slow(s) Normal(n) Fast(f)
sin:f sinf sin:f ca..mid. :met ca.:mid.:met ca:mid:met
Dorsiflx. Max .1(0.929) A(.671) .59(.559) 1.6(.209) 1.2(.297) 1.7(.186)
Plantarflx. Max 1.40251) 23(.108) 1.6(.199) 18.2(.000) 31.5(,000) 46.4(0.000)
Dorsi/plantr flex. ROM 9(403) 1L1(317) 1.0(362) 7.8(.000) 15.5(.000) 15.7(.000)
Eversion Max. 52(599) 5(572) 9(3%9) 12.8(.000) 15.4(.000) 10.6(.000)
Inversion Max. .0(.958) 4(.618) 1.3(.275) 0.48(.618) 3.53(.035) 2.2(.110)
Inv/evsion ROM 1.0(369) 1.0(367) 1.6(.193) 16.9(000) 22.7(.000) 17.9(000)
Abduction Max. .0(.990) .0(.910) .8(.446) 1.1(.317) 0.8(.425) 3.4(.037)
Adduction Max 3(.715) 3(.725) 3(.735) 8.1(.000) 14.0(.000) 7.7(.001)
Addjabd. ROM 6(526) 20(.144) 8(447) 36.0(.000) 33.6(,000) 43.6(.000)
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