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Climbing stairs places a greater load on lower limb joints compared to walking on level ground. Variations in anatomical
structures and muscle characteristics between genders suggest potential differences in the distribution of required
mechanical work among the three lower limb joints. This study aimed to identify gender disparities in the allocation of
mechanical work to lower limb joints during stair climbing. A total of thirty-six adults (equally divided between men and
women) participated in the study. Participants ascended stairs equipped with force plates at their comfortable speeds, while
motion was captured using nine cameras. Inverse dynamics analysis was employed to calculate the mechanical work
performed by each joint during four phases of stance: weight acceptance, pull-up, forward continuation, and push-up. Male
participants exhibited significantly higher mechanical work than females at the hip and ankle joints (p < 0.05) from the 1st-
3rd phases and the 2nd phase, respectively. Conversely, female subjects displayed greater knee joint work during the 2nd-
3rd phases (p < 0.05). Notably, a pronounced gender difference was observed during the 2nd pull-up phase, where body
mass is lifted by a single leg. These findings suggest that men and women employ distinct strategies in distributing
mechanical work across lower limb joints.
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P : Joint mechanical power
M : Joint moment
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Table 1 Subject Characteristics
Male (n=18) Female (n =18) Significance

Characteristic

Age 24.7+3.4 24.6+1.2 N.S.
Height [cm] 173.9+4.5 163.44+3.9 ok
Body mass [kg] 69.3£1.1 59.4+8.6 ok
Leg length [cm] 90.6+3.6 87.4+4.2 N.S.
Thigh length [cm] 41.1+1.9 40.6+2.2 N.S.
Shank length [cm] 38.3+2.3 36.1+1.6 *k

*p<0.05,**: p<0.01, ***: p<0.001

Leg: from iliac spine to lateral malleolus, Thigh: from hip joint center
to knee joint center; Shank: from knee joint center to ankle joint cen-
ter; N.S.: non-significant
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Fig. 2 Four phases and 5 events of stance period
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Table 2 Ratio of each joint work to leg total work [%]

Joint WA PIU FC PsU

Men -11.3+£10.1  7.1£5.5  11.9+10.6 84.0+12.1

Ankle Women -9.40+10.9 3.93+5.72 3.75+27.4 86.3+5.60
Significance ~ N.S. M > F* N.S. N.S.

Men 43.8421.0 56.4+24.6 37.0+33.7 9.70+10.6

Knee Women  63.3+19.4 79.3£20.6 56.2+26.6 7.10+£6.83
Significance M <F** M <F** M<F* N.S.

Men 44.5+19.9 33.9+27.1 32.8+37.4 2.72+10.6

Hip  Women  253+18.5 11.4420.1 -0.644+29.5 -1.89+6.12

Significance M >F**  M>F* M > F** N.S.

Mann Whitney U-test, *p < 0.05, **p < 0.01, N.S.: Non-significant;

WA: Weight acceptance, PIU: Pull-up, FC: Forward continuance, PsU:
Push-up

Table 3 Joint mechanical work normalized by body mass [mJ/kg]

Joint WA PIU FC PsU
Men 21.2£17.8 28.9421.0 41.7+44.6 308.1£104.8
Ankle Women -16.1£23.7 15.04£18.8 27.6£95.0 375.5+115.2
Significance ~ N.S. M > F* N.S. N.S.
Men 93.2+54.0 260.1£182.0 130.1£147.8  36+37.8
Knee Women 131.0+£89.6 370.7£157.0 231.2+140.4 30.2+£32.8
Significance  N.S. M <F* M <F* N.S.
Men 98.5+64.2 132.4+123.0 105.9+135.2 2.8+18.8
54.4+54.0 40.7£80.0 -26.1£96.0 -6.47+27.9
M>F* M > F** N.S.

Hip  Women

Significance M > F*

Mann Whitney U-test, *p < 0.05, **p < 0.01, N.S.: Non-significant;
WA: Weight acceptance, PIU: Pull-up, FC: Forward continuance,
PsU: Push-up
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