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Purpose: This study examined the effects of the lower limb alignment on the pelvis, hip, and knee kinematics in people with genu varum
during stair walking.

Methods: Forty subjects were enrolled in this study. People who had intercondylar distance >4cm were classified in the genu varum
group, and people who had intercondylar distance <4cm and intermalleolar distance <4cm were placed in the control group. 3D mo-
tion analysis was used to collect the pelvis, hip, and knee kinematic data while subjects were walking stairs with three steps.

Results: During stair ascent, the genu varum group had decreased pelvic lateral tilt and hip adduction at the early stance phase and de-
creased pelvic lateral tilt at the swing phase compared to the control group. At the same time, they had decreased minimal hip adduc-
tion ROM at the early stance and decreased maximum pelvic lateral tilt ROM and minimum hip rotation ROM at the swing phase. During
stair descent, the genu varum group had decreased pelvic lateral tilt at the early stance and decreased pelvic lateral tilt and pelvic rota-
tion at the swing phase. In addition, they had decreased pelvic frontal ROM during single limb support and increased knee sagittal ROM
during the whole gait cycle.

Conclusion: This study suggests that a genu varum deformity could affect the pelvis, hip and knee kinematics. In addition, the biome-
chanical risk factors that could result in the articular impairments by the excessive loads from lower limb malalignment were identified.

Keywords: Genu varum, Stair climbing, Range of motion, Articular, Biomechanical phenomena
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Variable

n (M:F)

Age (yr)
Weight (kg)
BMI" (kg/m?)
Distance’ (cm)

‘BMI: body mass index, *Distance: the intercondylar distance.

Table 1. Anthropometric characteristics
*p<0.05.
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2) At 23l 7|

At Hago] 7= dnt Hajo F7|ok= g A 2 2719k g
7] Z¥2} 57H] M- 5715 7HRIT) Al © 27]5= T E 7| (stance phase)
53k (1) weight acceptance, (2) pull up, (3) forward continuance, E+57|
(swing phase) 51 (4) foot clearance, (5) food placement, AT W] 7]+=

tJd7] 52k (1) weight acceptance, (2) forward continuance, (3) controlled

Table 2. Stair ascent pelvic, hip and knee maximum, minimum and total kinematics in sagittal, frontal and transverse plane in people with genu

varum compared to control.

Varus (n=20)

Control (n=20)

Stair Ascent

DS1 SS DS2 SW Total DS1 SS DS2 SW Total
Pelvic kinematics (°)
Sagittal plane
Max 3.05 1.28 0.61 2.14 11.64 3.05 2.46 2.12 3.06 10.58
(7.46) (6.86) (7.47) (6.93) (3.78) (8.02) (8.06) (8.28) (9.45) .74
Min -1.68 -5.12 -6.34 -1.64 -1.46 -4.07 -4.26 -1.52
(7.26) (7.78) (8.34) (7.38) (8.8) (8.49) (8.63) 9.61)
Total 473 6.4(2.93) 6.95 3.77 451 6.53 6.38 458
(2.56) (2.85) (2.17) (2.56) (2.63) (2.89) (2.27)
Frontal plane
Max 13.66 11.55 0.70 11.99 27.39 16.71 13.39 2.51 16.06 32.23
(5.79) 6.9 (4.65) (5.99)* (8.19) (5.63) (7.37) (5.56) (6.23) (7.9
Min 8.34 -11.45 -12.51 1.65 12.09 -11.61 -13.67 3.24
(5.05) (7.09) (7.12) (4.70) (6.69) (8.06) 6.12) (5.31)
Total 532 23.00 13.21 10.35 4.62 25.00 16.18 12.82
2.19 (9.59) (6.44) @.61) (3.72) (10.55) (7.72) (4.55)
Transverse plane
Max -2.23 427 3.49 -1.83 13.59 -1.23 413 2.53 -0.46 12.39
(3.9) (3.08) (3.91) (4.33) (6.32) (5.16) (4.86) (5.26) (4.43) (5.28)
Min -5.68 -3.30 -2.71 -6.66 -3.82 -2.80 -2.59 -5.84
(4.64) (3.25) (3.92) (5.03) (5.74) (4.47) (4.88) (4.52)
Total 3.45 7.57 6.19 483 2.60 6.93 5.13 5.38
(2.59) 4.07) (3.72) (2.46) (1.65) @.17) (2.89) (2.53)
Hip kinematics (%)
Sagittal plane
Max 59.64 48.72 25.41 60.27 61.62 58.93 242 2531 59.13 63.92
(8.53) (11.01) (10.15) (7.17) (6.23) (6.69) (11.37) (10.30) (10.29) (7.87)
Min 4925 344 24.80 2845 48.35 45.20 -2.20 26.97
(10.26) 6.87) (6.82) (10.25) (8.76) (12.43) (5.17) (10.21)
Total 10.39 4528 24.80 31.83 10.57 2531 2751 32.16
(10.62) (13.05) (6.82) (7.44) (7.52) (10.30) (10.06) (10.60)
Frontal plane
Max 9.31 9.32 -4.65 7.65 25.13 11.88 11.10 -4.47 8.62 27.70
(5.62) (6.68) (3.83) (7.68) (7.75) (5.3) (5.57) (5.26) 6.22) (9.37)
Min 2.78 -10.47 -13.74 -4.62 7.00 -12.04 -15.12 -4.46
(5.67)* (7.31) (6.57) (4.29) (5.96) (7.60) (6.00) (4.09)
Total 6.53 19.79 9.09 12.27 4.88 23.14 10.65 13.09
(3.36) 8.12) (5.32) (5.01) (3.32) (10.39) (7.48) (5.22)
Transverse plane
Max -7.21 -4.43 -5.91 -4.65 14.26 -8.65 -4.32 -8.25 -7.93 15.50
(3.48) (5.77) (4.59) (5.26) (5.26) (5.57) (6.84) (6.18) (4.98) (5.3)
Min -11.86 -13.71 -14.23 -11.49 -12.41 -14.60 -15.82 -15.38
(4.15) 6.12) (5.73) (5.98)* (5.23) (8.22) (8.79) (5.81)
Total 4.65 9.27 832 6.83 3.76 10.28 7.57 7.45
(2.62) (4.06) (4.20) (4.23) (2.74) (5.48) (4.58) (4.34)
Knee kinematics (°)
Sagittal plane
Max 67.26 59.77 71.59 100.69 95.04 67.02 58.12 68.09 99.85 93.98
(5.47) (12.18) (12.73) (3.93) (4.87) (6.51) (10.00) (17.26) (4.8) (5.55)
Min 554 6.75 6.39 63.33 57.27 878 6.41 60.12
(12.13) (3.75) (2.42) 4.71) (10.15) (9.68) (3.84) (13.34)
Total 11.86 53.02 65.21 37.36 9.74 4934 61.69 39.73
(9.60) (12.94) (13.34) (6.60) (7.84) (14.15) (18.37) (13.48)

DS1: double limb support 1 (weight acceptance to pull up), SS: single limb support (pull up to forward continuance), DS2: double limb support 2 (forward continuance

to foot clearance), SW: swing phase (foot clearance to foot placement).
*p<0.05 than control group.
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Table 3. Stair descent pelvic, hip and knee maximum, minimum and total kinematics in sagittal, frontal and transverse plane in people with genu

varum compared to control.

Varus (n=20)

Control (n=20)

Stair Descent

DS1 SS DS2 SW Total DS1 SS DS2 SW Total
Pelvic kinematics (°)
Sagittal plane
Max 11.54 11.10 10.5 10.52 6.4 10.91 10.78 10.22 9.86 6.03
(4.19) (3.38) (3.55) (4.48) (2.28) (3.85) (3.92) (3.46) (3.52) (2.03)
Min 8.18 7.98 7.50 7.26 8.28 7.34 7.42 6.60
(4.04) (3.72) (3.90) @.12) (3.62) (3.45) (3.42) (3.73)
Total 3.37 3.12 3.01 3.26 2.64 343 2.81 3.26
(1.71) (1.81) (1.24) (2.28) (1.49) (2.00) (1.24) (1.66)
Frontal plane
Max -0.13 1.23 6.55 5.48 1423 -1.62 2.25 7.48 533 16.31
(3.05) (2.87) (2.07) (3.09) (3.64) (3.51) (2.98) (2.76) (2.21) (5.16)
Min -6.03 -5.65 1.54 -3.80 -7.36 -7.00 247 -5.4
.27 (2.86) (2.66) (2.67) (3.52) (3.18) (2.45) (2.38)
Total 59 6.88 5.02 9.28 5.74 9.25 5.01 10.73
(2.47) (2.13)* 2.67) (.79 (1.83) (2.98) @11 (3.69)
Transverse plane
Max 428 2.81 -1.10 2.68 11.48 478 248 -1.24 4.62 13.09
(5.28) (5.80) 4.57) (3.63) (5.76) (4.34) (4.40) (3.97) (2.93) 4.67)
Min -1.01 -3.14 -5.36 -34 0.15 -4.04 -6.01 -2.76
4.22) 4.27) 4.10) (4.42) (4.28) 4.87) 4.19) (4.02)
Total 5.30 5.95 426 6.08 5.03 6.52 477 7.38
(2.98) (5.07) (1.99) (4.04) (1.90) (2.84) (2.36) (3.15)
Hip kinematics (%)
Sagittal plane
Max 2143 1484 23.05 3349 27.20 21.73 5.04 23.96 33.41 28.37
(5.91) (8.75) (8.95) (7.69) 4.78) 4.9) (5.08) (5.64) 6.17) @4.3)
Min 11.58 6.33 11.77 15.79 12.15 8.99 11.39 16.54
(7.61) (7.83) 4.77) (6.84) 6.23) (3.44) 4.91) (5.25)
Total 9.85 8.51 11.77 17.70 9.58 23.96 12.57 16.88
(3.62) (3.76) 4.77) (3.85) (3.30) (5.64) 4.27) (4.32)
Frontal plane
Max -3.52 3.44 6.73 1.14 17.71 -2.99 5.19 837 248 18.81
(4.47) (4.61) (3.88) (5.08) (4.86) (3.87) (3.78) (4.54) (3.96) (5.64)
Min -10.19 -47 -0.44 -7.89 -9.43 -4.51 0.96 -7.73
(4.24) (4.68) (4.93) (3.34) (3.83) (3.99) (3.56) (3.98)
Total 6.67 8.14 7.17 9.03 6.43 97 7.41 10.2
(1.76) (3.85) (2.56) (4.24) (1.82) (3.85) (2.47) (4.09)
Transverse plane
Max -9.03 -4.52 -2.01 -1.67 17.62 -7.52 -4.29 -3.12 -3.34 15.77
(6.35) (6.67) (4.84) (4.14) (5.21) (8.94) (6.69) @.13) 4.97) (4.52)
Min -17.53 -12.45 -6.98 -11.55 -15.49 -11.65 -8.08 -13.98
(6.82) (7.35) (5.16) (4.92) (8.73) (6.85) (4.52) (6.79)
Total 85 7.94 497 9.88 7.97 7.36 4.96 10.64
(2.9 4.07) (2.34) (4.42) (3.45) (2.22) (3.22) @.71)
Knee kinematics (°)
Sagittal plane
Max 17.62 4213 9451 99.57 98.78 16.17 4225 93.43 97 94.16
(8.59) (13.49) 9.17) (6.49) (5.99)* (6.81) (8.63) (5.69) (5.92) (6.99)
Min 2.72 13.8 44 .87 2.32 4.6 12.89 4551 438
4.77) (8) (13.54) 6.16) (3.55) (6.24) 8.11) (4.15)
Total 14.9 2833 49.64 97.25 11.58 29.36 47.92 92.62
6.62) (12.39) (14.5) 6.77) (5.55) 8.47) (9.62) (7.9

DS1: double limb support 1 (weight acceptance to forward continuance), SS: single limb support (forward continuance to controlled lowering), DS2: double limb sup-
port 2 (controlled lowering to leg pull through), SW: swing phase (leg pull through to Foot placement).

*p<0.05 than control group.
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Figure 1. Stair ascent average pelvic (top), knee (middle), and knee (lower) kinematics for sagittal (left), frontal (middle), transverse (right) planes
for genu varum (solid line) and control (dotted line) groups. The positive values mean A: pelvic forward tilt, B: pelvic rise, C: pelvic internal rotation,
D: hip flexion, E: hip adduction, F: hip internal rotation, G: knee flexion. (DS1: double limb support 1, SS: single limb support, DS2: double limb
support 2, SW: swing phase)
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Figure 2. Stair descent ensemble average pelvic (top), knee (middle), and knee (lower) kinematics for sagittal (left), frontal (middle), transverse
(right) planes for genu varum (solid line) and control (dotted line) groups. The positive values mean A: pelvic forward tilt, B: pelvic rise, C: pelvic in-
ternal rotation, D: hip flexion, E: hip adduction, F: hip internal rotation, G: knee flexion. (DS1: double limb support 1, SS: single limb support, DS2:
double limb support 2, SW: swing phase)
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