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Table 1 General characteristics of subjects

n =10
Subject characteristics mean (SD)
Male/Female 6/4
Age (years) 252 (5.0)
Height (cm) 170 (5.8)
Weight (kg) 682 (76)
BMI (kg/m?) 231 (1.8)
FPI 38 (0.9)
Habitual foot strike pattern R:10 F:0

R : rearfoot strike F : forefoot strike
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Fig. 1 Marker locations used to define each foot segment
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Table 2 Actual running speed in each condition

n=10

P-values (ANOVA)
Thick numbers show statictical significance

mean (SD) Main Effect

Interaction
Variables R110 R140 A110 Al140 Foot strike Speed

Speed (ms™!)  1.87 (0.06) 234 (0.03) 184 (0.05) 237 (0.05) 939 <0.01 .039

Model A Model Bp
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30
20 %
10

Dorsi

Flexion

EE888o

-60
-70

PF %stance phase PE %stance phase

INV INV
20 20

) H‘,ﬂ‘! I
illbttidifiilthy

Inversion

EVE %stance phase EVE %stance phase

Adduction

-30
ABD %stance phase ABD

-30 ~——R110 R140 ~—All0 -——Al40
Y%stance phase

Fig. 2 Kinematic profiles of Model A (left column) and Bp (right column) in each
running condition. The stance duration is normalized to 100%. Thick lines
indicate the mean, and the vertical thin lines indicate 1 SD. R110 : rearfoot
contact and 110 m/min, R140 : rearfoot contact and 140 m/min, A110 : forefoot
contact and 110 m/min, and A140 : forefoot contact and 140 m/min.
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Model Bm

DF
15

Dorsi
Flexion
-15
PE %stance phase
INV
6
a
2 |}
Inversion
-2
-4
-6
EVE %stance phase
Adduction
-6
ABD %stance phase
Fig. 3
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Model Ba

DF
15

%stance phase

%stance phase

=—=R110r =———R110a
%stance phase

6 R140r -———R140a

ABD

Kinematic profiles of Model Bm (left column) and Ba (right column) in each

running condition. The stance duration is normalized to 100%. Thick lines
indicate the mean, and the vertical thin lines indicate 1 SD. R110 : rearfoot
contact and 110 m/min, R140 : rearfoot contact and 140 m/min, A110 : forefoot
contact and 110 m/min, and A140 : forefoot contact and 140 m/min.
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Table 3 Mean (SD) angles and peak times in Model A

P-values (ANOVA)
Bold numbers show statictical
significance
mean (SD) Main Effect
Interaction
Variables R110 R140 Al10 Al140 Foot strike Speed
Dorsiflexion-Plantarflexion
Angle at IC(°) 185(51) 195(47) -45(31) -29( 34) <.001 .035 567
Angle at TO(peak plantar flexion) (°) —585(11.2) —55.1( 94) -62.4(109) —60.0( 7.6) .008 .043 673
Maximum dorsal flexion angle (°) 185(51) 195( 47) -11(10) -0.7(16) <.001 131 523
Range of motion (°) 770(138) 746(112) 61.3(114) 59.3( 84) <.001 195 884
Time of maximum dorsal flexion (%) 1.0( 00) 10 00) 149( 71) 11.2( 85) <.001 116 116
Inversion-Eversion
Angle at IC(°) 99(39) 108( 36) 80( 36) 83( 4.6) 167 .265 898
Angle at TO(°) -438(56) -21(45) -40(45 -23(42) 678 .008 3
Maximum inversion angle (°) 10.3( 35) 11.0( 34) 8.1( 3.6) 9.2( 4.3) 113 209 607
Maximum eversion angle (°) —55( 44) -33(30) -47(29 -34(22) 655 019 353
Range of motion (°) 158( 53) 143( 44) 128(48) 127(47) 077 283 074
Time of maximum inversion (%) 11.0(228) 101(233) 11.0(30.0) 180(34.7) 73 421 276
Time of maximum eversion (%) 81.4(300) 76.0(30.7) 852(31.7) 71.3(36.6) 922 379 245
Adduction-Abduction
Angle at IC(°) 46( 4.2) 52( 48) —03(44) -06(49) <.001 765 228
Angle at TO(®) -80(36) —70(34) -83(53) -79(52) 452 348 331
Maximum adduction angle (°) 46( 4.2) 53( 48) 15( 38) (4.2) <.001 742 208
Maximum abduction angle (°) -83(37) -71(34) -85(52) -84(50) 418 304 077
Range of motion(°) 13.0( 3.1) 124( 0)  100( 26) 95( 29) 015 514 866
Time of maximum adduction (%) 1.0( 0.0) 3009 184(14.3) 16.0(159) .009 465 325
Time of maximum abduction (%) 98.9( 4.3) 99.0( 32) 186(352) 89.9(29.8) <.001 .008 .006
R110 : rearfoot contact and 110 m/min, R140 : rearfoot contact and 140 m/min,
A110 : forefoot contact and 110 m/min, A140 : forefoot contact and 140 m/min
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Table 4 Mean (SD) angles and peak times in Model Bp

P-values (ANOVA)
Bold numbers show statictical
significance
mean (SD) Main Effect
Interaction

Variables R110 R140 Al10 Al140 Foot strike Speed
Dorsiflexion-Plantarflexion
Angle at IC(°) 175( 48) 181( 45 -19(28) -06( 29) <.001 .042 442
Angle at TO(peak plantar flexion) (°) —529( 9.3) —504( 76) -56.3( 91) —54.3( 6.1) .006 066 801
Maximum dorsal flexion angle (°) 175( 48) 181( 45) -14(22) -02( 26) <.001 074 552
Range of motion (°) 70.3(124)  685(10.1) 549(105) 54.1( 7.7) <.001 352 66
Time of maximum dorsal flexion (%) 1.0( 00) 1.0( 0.0) 46( 6.3) 51( 6.3) 085 718 718
Inversion-Eversion
Angle at IC(°) 43( 3.0) 47( 32) 80( 3.1) 86( 37) <.001 344 751
Angle at TO(°) -46( 68) -19(56) -39(67) -23(58) 844 .005 269
Maximum inversion angle (°) 51( 31) 55( 3.1) 83( 32) 9.2( 36) <.001 192 436
Maximum eversion angle (°) —60( 48) —40(36) -49(50 -39(35) 372 .043 352
Range of motion (°) 11.1( 4.7) 95(37) 132(47) 131(41) .018 089 109
Time of maximum inversion (%) 204(374) 102(263) 107(29.1) 12.3(314) 703 371 276
Time of maximum eversion (%) 768(29.7) 722(289) 726(352) 6385(33.6) 122 462 44
Adduction-Abduction
Angle at IC(°) 36( 4.6) 39(50) -16(53) -17(6.0) <.001 849 522
Angle at TO(®) -146( 74) -129(69) —156( 82) —142( 79) 223 .047 579
Maximum adduction angle (°) 37( 44) 41( 4.8) 15( 4.3) 1.3( 4.6) .011 924 321
Maximum abduction angle (°) -146( 74) —-129( 69) -156( 82) —142( 7.9) 222 .048 575
Range of motion(°) 183( 7.0) 170( 69) 171(59) 155( 65) 237 .04 721
Time of maximum adduction (%) 50( 9.0) 94(132) 275(120) 31.6(184) <.001 157 948
Time of maximum abduction (%) 101.0( 0.0) 1008( 0.6) 101.0( 0.0) 100.8( 0.6) 1 168 1
R110 : rearfoot contact and 110 m/min, R140 : rearfoot contact and 140 m/min,
A110 : forefoot contact and 110 m/min, A140 : forefoot contact and 140 m/min
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Table 5 Mean (SD) angles and peak times in Model Bm

P-values (ANOVA)
Bold numbers show statictical
significance
mean (SD) Main Effect
Interaction
Variables R110 R140 Al10 Al140 Foot strike Speed
Dorsiflexion-Plantarflexion
Angle at IC(°) 03( 1.7) 09( 20) -34(10) -32(13) <.001 573 377
Angle at TO(°) -71(37) -58(34) —75( 37) —69( 34) 108 .01 138
Maximum dorsal flexion angle (°) 78(21) 85( 21) 87(23) 94( 21) <.001 .02 938
Maximum plantar flexion angle(°*) —7.1( 37) -58(34) -76( 38 -71(33) .049 .009 12
Range of motion (°) 149( 44) 143(40) 162(49) 165( 41) .005 673 228
Time of maximum dorsal flexion(%)  55.3( 57) 59.7( 57) 530( 74) 575( 3.8) 102 <.001 960
Time of maximum plantar flexion(%) 1004( 1.0) 1004( 1.3)  99.6( 23)  90.9(29.0) 313 399 399
Inversion-Eversion
Angle at IC(°) 27(12) 29( 1.0) 30(1.7) 29(16) 762 914 343
Angle at TO(°) 16( 15) 1.8( 20) 21(18) 24( 19 .003 199 627
Maximum inversion angle (°) 33( 1.0) 34( 1.0) 34( 16) 32(15) 832 655 35
Maximum eversion angle (°) -19(11) -21(100 -22(14) -24(14) 208 .046 36
Range of motion (°) 53(14) 55( 15) 56( 1.7) 56( 1.7) 592 612 536
Time of maximum inversion (%) 312(422) 431(474) 308(455) 51.0(50.0) 812 162 44
Time of maximum eversion (%) 519(156) 502(168) 382(16.7) 42.6(139) .047 548 311
Adduction-Abduction
Angle at IC(°) 3(13) 12( 15) 24(19) 21(22) .018 289 327
Angle at TO(*) (21) 430200 47(18)  47(18) 065 725 937
Maximum adduction angle (°) 46( 2.1) 46( 2.0) 52( 1.7) 51( 1.7) .036 574 521
Maximum abduction angle (°) -21(14) -24(12) -20(14) -22(13) 375 .045 AT77
Range of motion (°) 6.7( 2.0) 70(1.9) 72(21) 73( 20) 15 221 352
Time of maximum adduction (%) 95.9( 50)  976(34) 948(51) 96.7( 36) .109 .036 808
Time of maximum abduction (%) 430(10.7)  489( 74) 381(11.2) 428( &1) 035 095 58
R110 : rearfoot contact and 110 m/min, R140 : rearfoot contact and 140 m/min,
A110 : forefoot contact and 110 m/min, A140 : forefoot contact and 140 m/min
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Table 6 Mean (SD) angles and peak times in Model Ba

P-values (ANOVA)
Bold numbers show statictical
significance
mean (SD) Main Effect
Interaction
Variables R110 R140 Al10 Al140 Foot strike Speed
Dorsiflexion-Plantarflexion
Angle at IC(°) -02( 1.8) 02(20 -12(26) -10(21) 107 074 715
Angle at TO(*) -72(41) -68(43) —80( 44)  -77(41) .002 097 575
Maximum dorsal flexion angle (°) 24( 1.0) 28( 11) 26(09) 28(09) 775 .005 304
Maximum plantar flexion angle(°)  -75( 41) -70( 42) -83(43) -80( 40) .002 055 517
Range of motion (°) 99( 4.1) 93( 43) 109( 44) 108( 42) <.001 584 865
Time of maximum dorsal flexion(%)  31.1(124)  34.3(11.7)  33.1(119) 34.0( 99) 837 057 391
Time of maximum plantar flexion(%)  97.1( 39) 97.3( 33) 948( 60) 97.1( 35) 211 203 168
Inversion-Eversion
Angle at IC(°) 1.0( 1.3) 12(13) -18(19 -15(20) <.001 .048 982
Angle at TO(°) -32(19) -29(18 -38(14) -36(18) 052 507 683
Maximum inversion angle (°) 18(1.2) 20( 1.2) 18(12) 19( 1.3) 998 146 784
Maximum eversion angle (°) -33(19 -30(18 —-41(11) -38(18) 042 254 342
Range of motion (°) 51( 1.7) 49( 15) 59( 15) 57(15) 087 434 931
Time of maximum inversion (%) 339(265) 331(26.1) 453(194) 515(21.8) 137 159 027
Time of maximum eversion (%) 989( 21) 1004( 1.3) 804(385) 720(44.3) 107 46 278
Adduction-Abduction
Angle at IC(°) -27(18) -27(18 -02(19) 0.0( 1.8) <.001 449 408
Angle at TO(®) 1.0( 26) 04( 25) 03( 25) 06( 22) 924 058 243
Maximum adduction angle (°) 23( 15) 19( 1.2) 23( 13) 22(07) 517 305 452
Maximum abduction angle (°) -38(16) -36(17) -23(15 -24(12) .006 753 223
Range of motion (°) 6.1( 2.6) 55( 25) 47(1.8) 46( 1.3) .045 293 22
Time of maximum adduction (%) 743(312) 757(233) 478(422) 444(387) 024 881 695
Time of maximum abduction (%) 240(288) 353(36.7) 584(30.7) 61.0(31.3) 017 443 619
R110 : rearfoot contact and 110 m/min, RI140 : rearfoot contact and 140 m/min,
A110 : forefoot contact and 110 m/min, A140 : forefoot contact and 140 m/min
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EFFECTS OF FOOT STRIKE PATTERN AND SPEED ON MULTISEGMENT FOOT
KINEMATICS IN NORMAL ADULT RUNNING

Hiroki FUJTWARA

Showa University Graduate School of Health Sciences

Daisuke NAKAMURA, Toru NAKABO and Noboru SEKIYA

Department of Physical Therapy, Showa University School of Nursing and Rehabilitation Sciences

Abstract —— Recently, several research groups have devised new methods that treat a foot as a mul-
tisegment structure to capture the foot movement precisely. The model reported by Leardini is thought
to be superior in terms of reproducibility and validity. The foot strike pattern during running has at-
tracted attention from researchers of biomechanics, but only a few researchers have studied the effect of
the foot strike pattern using a multisegment foot model. In addition, most previous studies that exam-
ined foot kinematics during running did not take into consideration the influence of the running speed.
Therefore, the purpose of this study was to reveal the effects of the foot strike pattern and speed on foot
kinematics during running with Leardini's multisegment foot model. The study included 10 healthy
adults. They ran at 2 different speeds (110 and 140 m/min) with rearfoot and forefoot strike. The three-
dimensional kinematics of rearfoot, midfoot, and forefoot during running were evaluated. As a result, the
effects of the foot strike pattern on the joint angles were detected in all the rotations (dorsiflexion-plan-
tarflexion, inversion-eversion, and adduction-abduction) of model Bp, in dorsiflexion-plantarflexion and ad-
duction-abduction of the model Bm, and in inversion-eversion and adduction-abduction of model Ba dur-
ing the first half of the stance phase. The effects of speed were detected at the initial contact and toe-off
in model Bp, at initial contact in model Ba, and at midstance in model Bm. Some of these results are new
findings, and other results support the findings of previous studies, which suggests that these are useful
in the accurate evaluation of foot motion during running.

Key words: multisegment foot model, foot strike pattern, running speed, foot kinematics
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