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INTRODUCTION  

In comparison to level gait, stair ascent (SA) requires the 

generation of increased propulsive forces [1] to elevate the 

centre of mass vertically up the steps, greater levels of postural 

control and a greater range of motion (ROM) at the joints of 

the lower limbs.  Therefore, SA places a high demand on the 

musculoskeletal system of older adults which cannot always 

be met due to age-related functional deterioration.  

Consequently older adults may rely on different 

musculoskeletal strategies to ascend stairs [2]. 

 

During SA the actions of the lead and trail limbs vary due to 

different functional objectives represented by contrasting 

biomechanical demands [3].  However, the lead and trail limbs 

have not always been identified in previous SA research.  The 

aims of this study were two-fold.  First, the relationship 

between advancing age and the changes in the SA 

biomechanics were identified and quantified.  Second, 

differences between the musculoskeletal demands of the lead 

and trail limbs were compared.   

 

METHODS 

Thirty-five healthy community-dwelling older women took 

part in this study with an age range of 60-83y (age x̄ 70.7 ± 

7yrs, height x̄ 164.0 ± 6cm, mass x̄ 70.9 ± 12kg).  Exclusion 

criteria included any neurological or musculoskeletal disease 

that would affect normal gait, and strict polypharmacy 

measures were employed that excluded individuals prescribed 

more than 5 medications at the time of the research. 

 

SA biomechanics were collected on a custom-built 3-step 

staircase, the dimensions of which conformed to standard 

building regulations for public stair design.  Kinematic data 

were captured at a 1000Hz with 14 ProReflex cameras 

(Qualisys, Gothenburg, Sweden) using a six-degree of 

freedom marker set [4].  Kinetic data including ground 

reaction forces (GRF) were collected bilaterally via two 

400x600mm piezoelectric force platforms (Kistler, 

Winterthur, Swintzerland) located in the floor prior to the first 

step and embedded within the first step.  Participants initiated 

the SA trials 5-m prior to the staircase so steady-state gait was 

achieved prior to ascent.  A minimum of 8 trials were 

collected with participants walking unaided and at their 

preferred gait speed.  Linear regression analyses were used to 

determine the predictor effect of age on the biomechanical 

variables of SA.  Statistical differences between the lead and 

trail limbs were assessed using a paired samples t-test.  The 

lead limb was defined as the limb that travelled from the first 

step to the third step and was referred to as the first complete 

SA gait cycle.  The trail limb was defined as the limb that 

travelled from the floor level to the second step and was 

referred to as the transitional phase. All statistical analyses 

were computed using PASW v.18 (SPSS Inc., Chicago, IL).   

  

RESULTS AND DISCUSSION 

Age as a Predictor Standardised regression coefficients (t) 

indicated that age significantly (p < .001) predicted gait speed 

and cycle time for both the lead and trail limbs.  Stance phase 

duration was significantly predicted by age for the lead limb 

only.  Declines in gait speed with age occurred for the lead 

and trail limbs (figure 1) and demonstrated relationships of 

moderate-strength (R) between advancing age and speed.   

Figure 1: The relationship between age and the speed (m/s) at 

which the lead (red) and trail (blue) limbs completed a gait 

cycle. 

 

Age accounted for 38.8% of the variation in the gait speed of 

the lead limb, 28.1% of the variation in the gait speed of the 

trail limb, and variations of 28% and 25.3% for the cycle time 

of the lead and trail limbs respectively.  No significant 

predictor effects were found for the kinematic variables.  

Analysis of t revealed that age significantly (p<.05) predicted 

the following variables for the lead limb only; peak anterior 

GRF (-2.762), the loading response (-2.622), the decay rate    

(-2.741), and the peak hip extensor moment (2.970).  All of 

which displayed negative relationships except the hip extensor 
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moment which may have been a result of muscle weakness at 

the hip or as a strategy aimed at distributing the efforts 

required to ascend the stairs across the joints of the lower 

limb.  Reduced peak anterior GRFs, loading responses, and 

decay rates with advancing age at the lead limb indicate the 

alternative strategies employed as we age, and may potentially 

be a strategy to operate within their maximum capabilities. 

 

Lead vs. Trail Limb Differences The trail limb spent 

significantly longer in the stance phase, and a significantly 

shorter duration in swing most likely to minimise the demand 

placed on the lead limb during single limb support.  In 

addition the trail limb produced significantly quicker gait 

speeds and shorter cycle times when compared with the lead 

limb.  Statistically greater (p = ≤.005) hip and knee flexion 

angles were observed for the lead limb.  Greater mechanical 

demands (p < .05) were observed for the trail limb including 

increased peak anterior GRF, greater initial peak vertical GRF, 

a higher loading rate and decay rate, and increased knee 

flexor, ankle dorsiflexor and ankle plantarflexor moments.  

CONCLUSIONS 
 

Age significantly predicts some of the functional SA gait 

variables, but not all, and, therefore, other factors may have a 

greater predictor influence on SA gait variables.  The 

implications of these findings may influence current 

physiotherapy and rehabilitative practices targeting stair 

locomotor performance by highlighting the contrasting 

demands placed upon the lead and trail limbs during SA.  

Further work is required to explore other variables that may 

have a potentially larger predictor effect of SA performance 

such as parameters of muscular strength and postural control.  
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Table 1: Mean (± st dev) Temporal-Spatial Parameters, and Peak Kinematic and Kinetic Variables for the lead and trail limbs 

during Stair Ascent. * denotes statistical significance differences between limbs (p < 0.05) using a paired samples t-test.  

 LEAD LIMB 

(First Complete SA 

Gait Cycle) 

TRAIL LIMB 

(Transitional Phase) 
Significance 

Temporal-Spatial 

Parameters 

Speed (m/s) 0.68(0.1)* 0.81(0.1)*  (p < 0.001) 

Cycle Time (s) 1.43(0.2)* 1.29(0.2)*  (p < 0.001) 

Stance (%) 61.9(3.1)* 60.2(3.1)*  (p = 0.011) 

Peak Kinematic 

Variables (°) 

Hip Flexion (Stance) 71.7(8.5)* 39.3(8.3)*  (p < 0.001) 

Hip Flexion (Swing) 77.6(9.3) 78.3(9.0) - 

Hip ROM 64.6(6.5)* 72.5(7.2)*  (p < 0.001) 

Knee Flexion (Swing) 107.9(8.0)* 104.6(9.6)*  (p = 0.005) 

Knee ROM 91.9(7.0) 93.7(7.6) - 

Ankle Dorsiflexion (Stance) 21.1(5.3) 19.9(5.4) - 

Ankle Plantar flexion (Swing) -9.8(6.6)* -12.6(6.8)*  (p = 0.012) 

Ankle Dorsiflexion (Swing) 22.6(7.4) 23.6(7.1) - 

Ankle ROM 33.8(7.5)* 37.6(6.3)*  (p = 0.004) 

Peak Kinetic 

Variables (N/kg) 

Medial GRF 0.29(0.01) 0.30(0.02) - 

Lateral GRF -0.06(0.02) -0.06(0.02) - 

Posterior GRF -0.12(0.04) -0.16(0.09) - 

Anterior GRF 0.08(0.02)* 0.13(0.04)*  (p < 0.001) 

Initial Peak Vertical Force 1.02(0.06)* 1.18(0.10)*  (p < 0.001) 

Vertical Force Mid-Stance 0.73(0.07) 0.75(0.08) - 

Vertical Force Terminal Stance 1.24(0.10)* 1.33(0.14)*  (p = 0.002) 

Loading Response (N/kg/sec) 3.92(1.18)* 6.90(2.27)*  (p < 0.001) 

Decay Rate (N/kg/sec) 7.79(1.70) 8.37(2.10) - 

Hip Extensor Moment (Nm/kg) -0.92(0.37)* -0.67(0.22)*  (p < 0.001) 

Hip Flexor Moment (Nm/kg) 0.54(0.30) 0.67(0.26) - 

Knee Extensor Moment (Nm/kg) 0.93(0.31) 0.82(0.28) - 

Knee Flexor Moment (Nm/kg) -0.23(0.09)* -0.31(0.15)*  (p = 0.012) 

Ankle Dorsiflexor Moment (Nm/kg) 0.04(0.04)* 0.15(0.08)*  (p < 0.001) 

Ankle Plantarflexor Moment (Nm/kg) -1.32(0.36)* -1.55(0.24)*  (p = 0.009) 

 


