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TABLE 1

JoiNT DisPLACEMENT VARIABLES: MEANS AND STaNDaARD DeEviaTions oF Hir, KNEE, AND ANKLE RANGE OF MOVEMENT
Berween Inttian ContacT anp Peak (DEG.) oF RiGHT Lower Lias, DuriNG AscenpInG Prase (Contact With
Benc) anp Descenpine Prase (Contact With FLoor), For Four STer PATTERNS PERFORMED AT FOUR STEPPING
Rates (BPM). SustmaRry oF ANALYSES OF VarIaNCE For CoNDITIONS OF SteEPPING RATE AND STEP PATTERN

Basic Step Knee Lift Run Step Knee Hop
125 130 135 140 125 130 135 140 125 130 135 140 125 130 135 140

Ascending Phase-Hip Range of Movement, deg.

M 19.72 1939 1867 17.89 23.11 2039 19.06 1878 1394 1128 1117 9.06 29.00 27.89 2628 23.83
sD 876 851 989 900 833 908 927 1002 502 734 739 677 854 1103 1269 1203
Stepping Rate No differences
Step Pattern F, 115, 5767123263 (p <.001); All post hoc comparisons significant at p=.013

Descending Phase-Hip Range Of Movement, deg.
M 344 422 411 B350 2446 2562 2485 2511 300 372 356 306 2725 2445 2638 26.89
SD 413 462 348 335 2682 29.11 2685 2722 397 4.85 434 444 27.05 2797 2658 2679
Stepping Rate No differences
Step Pattern No differences

Ascending Phase-Knee Range of Movement, deg,.
M 2372 2294 2111 2111 34.06 32.67 3083 2972 21.06 1644 1428 13.06 4972 4574 42.17 42.82
SD 1109 1135 1234 1107 7.88 1024 1285 1174 894 812 894 763 827 1366 1723 15.86
Stepping Rate T, 50 13005=0.267 (p=.005); Post hoc comparisons: 125 versus 140 bpm (p =.042); 130 versus140 bpm (p=.021)
Step Pattern 2osaagras= 04101 (p<.001); All post hioc comparisons significant (p<.001), except for run step

Descending Phase-Knee Range of Movement, deg.
M 950 978 1044 1061 600 1233 13.00 1261 1011 1006 922 10.00 856 1260 12.56 17.06
SD 542 448 587 581 1032 17.11 1819 1785 7.69 7.15 591 641 1343 1543 13.69 17.99
Stepping Rate E,.,=5.926 (p=.002); Post Jtoe comparisons: 125 versus 140 bpm (p=.023)
Step Pattern No differences

(continued on next page)

TABLE 1 (conT'D)

JoinT DisPLACEMENT VARIABLES: MEANS AND SranDarp Deviations or Hir, KNeg, AND ANKLE RANGE oF MOVEMENT
Berween Inrmiar Contact anp PEak (DEG.) oF RiguT Lower Lizis, DUrING AscenDING PHase (ConTact With
BencH) anD DEscenpinG Prase (Contact WitH FLoor), For Four Step PATTERNS PerFORMED AT FOUR STEPFING
RaTES (BPM). SUMMARY OF ANALYSES OF VARIANCE FOr CONDITIONS OF STEPPING RATE AND STEP PATTERNN

Basic Step Knee Lift Run Step Knee Hop

125 130 135 140 125 130 135 140 125 130 135 140 125 130 135 140

Ascending Phase-Ankle Range of Movement, deg.

M 628 656 689 7.67 1256 1250 1357 13.28 2452 1872 1794 1633 41.52 38.06 34.08 3372
sSD 346 451 589 631 552 444 663 613 1078 884 881 612 713 763 1227 861
Stepping Rate F, 70— 7416 (p= .002); Post hoc comparisons: 125 versus 140 bpm (p=.003)
Step Pattern F,.,=47.465 (p<.001); All post hoc comparisons significant (p<.001), except for knee lift

Descending Phase-Ankle Range of Movement, deg.
M 338 266 299 280 056 117 144 122 402 404 282 400 267 291 328 359
sD 535 352 463 504 115 138 195 213 569 587 432 671 305 332 318 352
Stepping Rate No differences
Step Pattern F, gra00m = 14.890 (p=.001); Post Jioc comparisons: basic step versus knee lift (p=.011); basic step versus knee hop

(p=.005); knee lift versus run step (p=.009); run step versus knee hop (p=.005)
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862 R. SANTOS-ROCHA, ET AL.

During the ascending phase, the ankle range of movement values
increased as stepping rate increased. No statistical differences were ob-
served between conditions of stepping rate. Significant differences were
found between all step patterns. During the descending phase, the ankle
range of movement increased as the stepping rate increased. No statisti-
cal differences were observed between stepping rates, and no differences
were observed between step patterns.

During the ascending phase, the knee range of movement values in
all conditions decreased as the stepping rate increased. Significant differ-
ences were found between stepping rates and between step patterns. Dur-
ing the descending phase, the knee range of movement in all conditions
increased as the stepping rate increased. Significant differences in knee
range of movement were found between stepping rates, but no differences
were observed between step patterns.

During the ascending phase, the hip range of movement values de-
creased in all conditions as the stepping rate increased. Significant dif-
ferences were found between stepping rates and between step patterns.
During the descending phase, no significant differences were observed
between stepping rates, but significant differences were found between
step patterns.

Coefficients of variation (CV) showed that the positional variables at
the ankle, knee, and hip were more variable at faster stepping rates, in-
dicating that kinematic changes occurred as a function of increased step-
ping velocity. During initial contact both in ascending and descending
phases of the four movements, joint angles increased as the stepping rate
increased, particularly in the ankle and knee joints, also indicating kine-
matics adaptation as a function of increased stepping velocity. However,
statistical differences were found only in the ascending phase. The DZ,
and the range of movement from DZ, to DZ_ during reception appear to
decrease as the stepping rate increased, due to a shorter interval time to
perform the movement. As expected, different step patterns were related
to adaptations in joint angles during the ascending phase, but not during
the descending phase, perhaps because technique for this phase is similar
for the four movements analyzed. More kinematic adaptations were ob-
served in the knee joint, which presented a greater range of movement.

During the ascending phase, the ankle VZ, (Table 2) showed no sta-
tistically significant differences between stepping rates and between step
- patterns. The ankle VZ  (Table 3) showed no statistically significant dif-
ferences between stepping rates, but significant differences were found
between all step patterns. During the descending phase, the ankle VZ,
showed no statistically significant differences between stepping rate or
between step patterns. The ankle VZ_ increased as the stepping rate in-

KINEMATICS OF LOWER LIMB DURING STEP EXERCISE 863

creased; significant differences were found between stepping rates and
between step patterns. During the ascending phase, the knee VZ, in-
creased as the stepping rate increased; significant differences were found
between stepping rates and between step patterns. Concerning the knee
VZ, no statistical differences were observed between stepping rates, but
significant differences were found between all step patterns. During the
descending phase, the knee VZ, showed no statistical differences between
stepping rates, but significant differences were found between step pat-
terns. The knee VZ_ increased as the stepping rate increased. Significant
differences were found between conditions of stepping rate but not be-
tween step patterns.

During the ascending phase, the hip VZ, increased as the stepping
rate increased, and significant differences were found between stepping
rates. The hip VZ, showed no differences between stepping rates, but
significant differences were found between step patterns. During the de-
scending phase, the hip VZ, increased as the stepping rate increased, with
significant differences between stepping rates and between step patterns.
The hip VZ increased as the stepping rate increased; significant differenc-
es were found between stepping rates and between step patterns.

The VZ of the three joints presented several variations throughout the
movements, especially in the ankle joint. Peaks of greater magnitude were
observed in the knee joint.

Discussion

The present investigation provides data for kinematic parameters of
step patterns that may be used as a basis of comparison with older and
novice step participants in future biomechanical research. No results were
found in the literature to be compared with these results.

The profiles of joint DZ did not change with stepping rate. While step-
ping at different rates, the kinematic parameters were very regular and re-
petitive between subjects, despite different intervals associated with the
stepping rates (number of steps per minute). The main adaptations oc-
curred in the knee joint angles and velocity.

During initial contact both in ascending and descending phases of the
four movements, the joint angles increased as the stepping rate increased,
particularly in the ankle and knee joints, also indicating kinematic adap-
tation as a function of increased stepping velocity. However, statistically
significant differences were found only in the ascending phase. The DZ,
and the range of movement from DZ, to DZ, appear to decrease as the
stepping rate increased, due to a shorter interval time for performing the
movement. As expected, different step patterns affected the adaptations
in joint angles during the ascending phase, but not during the descend-



TABLE 2
JoINT VELOCITY VARIABLES: MEANS AND STANDARD DEviaTions For Hir, KNEE, AND ANKLE ANGULAR Verocrry at Initian ConTACT
(pEG.fsec.) or RigHT Lower Lins, DURING ASCENDING PHASE AND DEsCENDING PHAsE, For Four Ster PATTERNS PERFORMED AT
Four STEPPING RATES (BPM). SUMMARY OF ANALYSES OF VARIANCE For CoNDITIONS OF STEPPING RATE AND STEP PATTERN

Basic Step Knee Lift Run Step Knee Hop
125 130 135 140 125 130 135 140 125 130 135 140 125 130 135 140
Ascending Phase-Hip Angular Velocity at Initial Contact, deg./sec.
M 8320 9051 9535 10007 6149 6322 6991 7556 10599 9728 8512 97.63 104.10 13741 130.38 150.72
SD 3893 4157 4347 3865 2769 3026 3826 3558 7142 5406 7486 6931 5385 5223 6093 5175
Stepping Rate  F, ... 0,,=3-942 (p=.021); 125 versus 140 bpm (p=.007)
Step Pattern F, g 1005= 93059 (p <.001); Post hoc comparisons: basic step versus knee hop (p=.011); knee lift versus knee hop (p <.001)
Descending Phase-Hip Angular Velocity at Initial Contact, deg./sec.
M 1500 3201 5058 5249 —6326 4171 -24.19 -3248 432 2649 4154 2481 —47.10 -30.60 -25.38 -17.10
5D 5257 5209 5603 4522 5386 8008 11777 101.84 3580 40.09 3558 3878 6469 7338 11079 97.63
Stepping Rate  F, . ., ,,=6.320 (p=.005); Post hioc comparisons: 125 versus 135 bpm (p=.044); 125 versus 140 bpm (p=.021)
Step Pattern F, 152 55=8.333 (p=.005); Post hoc comparisons: basic step versus knee lift (p=.021)
Ascending Phase-Knee Angular Velocity at Initial Contact, deg./sec.
M 8415 8774 8120 9300 5651 10088 9601 10602 11116 12495 9281 10455 12229 179.28 15649 194.54
sD 6762 7894 7764 7346 7966 7800 8715 77.16 189.76 15497 157.82 194.45 137.19 15457 163.96 162.27
Stepping Rate  F,, =5.240 (p=.003); Post hoc comparisons: 125 versus 130 bpm (p=.013); 125 versus 140 bpm (p=.009)
Step Pattern F, 512520=6.629 (p=.006); Post hoc comparisons: basic step versus knee hop (p=.015); knee lift versus knee hop (p=.015); run
step versus knee hop (p=.009)
Descending Phase-Knee Angular Velocity at Initial Contact, deg/sec.
M 7525 109.79 12383 135.28 -116.49 —-145.77 -121.42 -149.06  49.30 9389 11577 101.89 -120.29 -122.58 ~108.99 ~120.48
SD 7689 8245 9382 8453 104.85 10777 11631 12527 8433 8813 9528 7178 121.98 12574 14568 126.18

Stepping Rate  No differences

Step Pattern F, 15920205=75-606 (p <.001); Post hoc comparisons: basic step versus knee lift (p<.001); basic step versus knee hop (p <.001); knee

lift versus run step (p=.001); run step versus knee hop (p <.001)
(continued on next page)

TABLE 2 (conT'D)
JoinT VeLocity Variastes: Means anp STanparo Deviations For Hip, Kner, AND ANKLE AncuLar VELociTy AT Intmiar Contact
(pEG./sEC.) oF RicHT Lower Liss, DurinG AsCENDING PHASE AND DESCENDING Puase, For Four Step PATTERNS PERFORMED AT
Four SteppING RATES (BPM). SUMMARY OF ANALYSES OF VARIANCE For CONDITIONS OF STEPPING RATE AND STEP PATTERN

Basic Step Knee Lift Run Step Knee Hop
125 130 135 140 125 130 135 140 125 130 135 140 125 130 135 140

Ascending Phase-Ankle Angular Velocity at Initial Contact, deg./sec.

M 3990 4577 5299 5566 4034 60.88 6677 7826 4127 7413 6283 5990 8559 127.87 11898 127.71

sD 5086 47.07 4927 47.02 3029 1593 2511 21.39 18744 20576 192.14 247.69 107.51 154.22 151.72 191.20

Stepping Rate No differences

Step Pattern No differences
Descending Phase-Ankle Angular Velocity at Initial Contact, deg./sec.

M -60.27 -15.52 —24.36 -44.11 -23.61 -11.21 476 -9.64 -80.03 -31.26 -31.74 -31.86 -8.65 -7.62 1001 1054

SD 12007 8299 8571 9341 6199 5060 5234 4440 11650 7827 9716 9431 6738 7174 7230 5028

Stepping Rate  No differences
Step Pattern No differences
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TABLE 3
Joint VELoCITY VARIABLES: MEANS AND STANDARD DEviaTions oF Hir, KNEE, AND ANKLE PEAK ANGULAR VELOCITY (pEG./5EC.)
AND OF RigHT Lowgr Live, DURING ASCENDING AND DESCENDING PHasE, For Four Ster PatTerns PERFORMED AT FOur
STEPPING RATES. SUMMARY OF ANALYSES OF VARIANCE For ConpITIONS OF STEPPING RATE AND STEP PATTERN

Basic Step Knee Lift Run Step Knee Hop

125 130 135 140 125 130 135 140 125 130 135 140 125 130 135 140

Ascending Phase-Hip Peak Angular Velocity During Reception, deg./sec.

M 108.07 11061 11829 11549 108.82 10581 108.64 111.12 164.12 161.87 165.05 161.33 20322 201.83 193.90 206.89

sD 21.85 29.66 3324 3346 2839 1986 2646 3187 3272 4669 5206 4624 3205 3718 5213 49.88

Stepping Rate  No differences

Step Pattern F, 130 15=53.059 (p <.001); Post hoc comparisons all ps=.003, except basic step versus knee lift

Descending Phase-Hip Peak Angular Velocity During Reception, deg/sec.

M 64.60 7086 8341 77.07 23078 247.72 25217 26650 6098 61.88 6821 6158 219.78 22078 236.50 248.94

SD 3574 3298 3352 3065 6056 5271 4788 4298 3007 3256 2799 2862 6404 5307 6499 53.02

Stepping Rate [, ..~8.645 (p<.001); Post lioc comparisons: 125 versus 135 bpm (p=.004); 125 versus 140 bpm (p <.001); 130 versus 140
bpm (p=.037)

Step Pattern F, . =184.435 (p<.001); Post hoc comparisons: basic step versus knee lift (p <.001); basic step versus knee hop (p <.001); knee lift
‘versus run step (p <.001); run step versus knee hop (p<.001)
Ascending Phase-Knee Peak Angular Velocity During Reception, deg./sec.

M 148.89 15527 15137 15551 187.72 193.00 191.28 198.67 33233 321.89 303.02 328.72 38572 375.94 36383 377.78
5D 3688 4649 4682 4407 4359 4457 5400 5033 6497 6556 87.82 5091 57.05 4285 71.15 5848
Stepping Rate  No differences
Step Pattern F, 1,555~ 173.516 (p<.001); Post hoc comparisons: all ps=.007

Descending Phase-Knee Peak Angular Velocity During Reception, deg./sec.
M 121.06 142.54 15639 161.56 163.95 16429 159.65 18149 121.56 14534 15029 133.06 15252 141.13 18136 185.76
SD 5918 6948 7620 7699 12554 16093 141.11 14029 57.09 7558 7622 6959 14137 14827 152.16 165.98

Stepping Rate  F,, =5.603 (p=.002); Post hoc comparisons: 125 versus 135 bpm (p=.008); 125 versus 140 bpm (p=.005)
Step Pattern No differences .
(continued on next page)

TABLE 3 (conT'D)
Jomnt VeLociTy Var1abLEs: MEANS AND STANDARD DEviations or Hir, KNEE, anD ANkLE PEAK ANGULAR VELOCITY (DEG./SEC.)
AND OF RigHT Lower Lias, DURING ASCENDING AND DEscEnNDING PHAsE, For Four Step Parterns PERFORMED AT Four
STEPPING RATES. Sumatary oF AnaLyses OF Vartance For CoNDITIONS OF STEPPING RATE AND STEP PATTERN

Basic Step Knee Lift Run Step Knee Hop
125 130 135 140 125 130 135 140 126 130 135 140 125 130 135 140

Ascending Phase-Ankle Peak Angular Velocity During Reception, deg./sec.
M 70.67 7401 7597 79.06 9340 88.73 100.24 101.30 346.44 331.06 318.11 335.00 393.61 380.06 360.26 374.33
SD 3275 4594 4252 46.05 36.66 2235 43.06 3520 59.23 4323 5452 4087 5084 47,12 7753 43.57
Stepping Rate  No differences
Step Pattern L, ., =482.459 (p<.001); Post hoc comparisons: all ps=.014

Descending Phase-Ankle Peak Angular Velocity During Reception, deg./sec.

M 79.43 86.02 107.34 107.11 2250 3397 39.65 3599 87.99 93.02 9476 11156 39.08 5344 7273 79.22
SD 37.32 53.07 5872 67.00 2857 3337 4135 3283 4257 5572 5809 6242 3514 3327 6930 61.86
Stepping Rate  F, .., ...=11.933 (p <.001); Post hoc comparisons: 125 versus 135 bpm (p=.021); 125 versus 140 bpm (p=.013)

Step Pattern F,.,=7.816 (p<0.001); basic-knee lift (p=0.003); knee lift-run (p=0.001); knee lift-hop (p=0.029); Hypothesis confirmed;
Greater values in basic step
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ing phase; the latter phase is similar for the four movements analyzed, in
terms of technique.

The VZ of the three joints was a parameter that presented several vari-
ations throughout the movements, especially at the ankle joint. However,
greater maximal values were observed in the knee joint.

Previous studies have shown that biomechanical intensity is related
to bench height (10, 15, or 20 ¢cm) and to stepping rate (122, 130, and 138
bpm; Hecko & Finch, 1996; Maybury & Waterfield, 1997; Santos-Rocha,
Veloso, Santos, Franco, & Pezarat-Correia, 2002). In experienced partici-
pants, as stepping rate increases, the time interval to complete the step
actions is decreased and lower limb muscle activation increases (Santos-
Rocha, Pezarat-Correia, Franco, & Veloso, 2004). The results allow the con-
clusion that the kinematics of the lower limbs are affected by the step pat-
tern and stepping rate.

Results indicated that increasing step frequency leads to an increase
in the mechanical load, which appears to be supported by adaptations of
the movement technique related to the increasing ground reaction force.
These adaptations of kinematics and muscle activation are related to the
way that the body manages force magnitudes and to the pattern of force-
absorbing adjustments to ground reaction force and joint and muscle forc-
es. However, if technique adaptations occur, especially in the knee joint,
together with greater ground reaction force and decreased time for con-
tact and force transfer, the stepping rate, being one of the most important
determinants of exercise intensity, particularly above 135 bpm, should be
chosen carefully in step classes, always considering the participants’ expe-
rience in this activity.

The present results are based on a sample of 18 female step exercise
instructors, who were physically active and had long experience in this ac-
tivity. The kinematic characteristics might be different if participants with
less experience in step were studied. Further research is required to under-
stand how kinematic parameters can be modified with specific training.
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