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INTRODUCTION 

 

Older adults are living longer and healthier lives than ever 

before [1].  Age-related losses of lower-limb strength and 

postural control [2, 3] lead to decreased gait function.  

Research exploring the rate of this decline throughout older 

age is limited.  Some researchers have quantified normative 

data for gait variables during different stages of older age [4, 

5, 6], however this does not provide any information about the 

progressive process of ageing.  Previous studies have either 

used a limited age range <79 yrs [5, 6] or not presented 

complete kinematic and kinetic data sets [4, 5, 6], therefore, 

forming an accurate understanding of the continued functional 

decline through older age is difficult.  Moreover others have 

provided very little information on the inclusion/ exclusion 

criteria or how a ‘healthy’ sample was defined in order to 

substantiate their findings as normative reference data [5, 6]. 
The aim of this research was to quantify the changes in 

functional gait parameters that occur throughout older age.  
  

METHODS 

Thirty-seven healthy community-dwelling older women took 

part in this study with an age range of 60-83y (age x̄ 70.8 ± 

7yrs, height x̄ 163.4 ± 6cm, mass x̄ 70.7 ± 13kg).  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.  

 

Participants walked at their preferred gait speed through a   

10-m walkway.  A six-degree of freedom marker set [7] was 

used and a minimum of 8 trials were completed.  Kinematic 

data were captured at a 1000Hz with 14 ProReflex cameras 

(Qualisys, Gothenburg, Sweden).  Kinetic data were collected 

bilaterally via two 400x600mm piezoelectric force platforms 

(Kistler, Winterthur, Switzerland) located in the centre of the 

walkway.   

 

Marker trajectories were identified and labelled in Qualisys 

Track Manager Software before being exported to Visual 3d 

for analysis.  Marker trajectories were interpolated and filtered 

using a 6Hz Butterworth low-pass filter.  Kinetic data were 

filtered using a 25Hz Butterworth low-pass filter.  Linear 

regression analyses were used to quantify the relationships 

between the changes in gait variables and age (PASW v.18, 

SPSS Inc., Chicago, IL). 

RESULTS AND DISCUSSION 

Regression statistics are presented in table 1.  Standardised 

regression coefficients (t) indicated that age significantly 

predicted (p<.001) gait speed (t = 8.267), stride length            

(t = 5.264), step length (t = 4.870), double limb support time  

(t = 3.507), peak toe clearance (t = 6.833), knee ROM             

(t = 3.964), and ankle ROM (t = 3.267).  The two variables 

that had the strongest relationship with age represented by R 

were peak toe clearance (figure 1) and stride length (figure 2). 

 
Figure 1: Relationships between Age and Peak Toe Clearance 

(m) during level gait in healthy older adults. 

 
Figure 2: Relationship between Age and Stride Length (m) 

during level gait in healthy older adults. 

 

Age accounted for 59.3% of the variation in peak toe 

clearance, 44.2% of the variation in stride length, 41.8% of the 

variation in step length, and 34.5% of the variation in gait 

speed.  Analysis of the kinetic variables demonstrated some 
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significant relationships of moderate strength for the vertical 

force components, and joint moments at the hip and ankle 

(table 1).  Relationships between kinetic variables and age 

were mostly negative except for the posterior ground reaction 

force, vertical GRF mid-stance, and the moments at the hip 

(extensor), knee (flexor) and ankle (plantarflexor). 

 

CONCLUSIONS 

Findings from this study indicate deterioration in parameters 

of gait within different stages of older age, and provide 

important information about the relative contribution of 

healthy ageing to the decrements in the biomechanics of gait.  

Healthy ageing does not fully explain the changes in gait 

parameters that occur with age; however, significant 

reductions in gait speed, stride length, and double limb support 

indicate adaptations aimed at improving stability during 

dynamic motion.  In contrast, significant reductions in peak 

toe clearance pose implications for the risk of experiencing a 

fall, and should be a key variable in rehabilitative assessments.  

This study has demonstrated that the functional parameters of 

gait undergo a continuous deterioration throughout later life, 

and highlights the potentially confounding effect of 

generalisations regarding the biomechanics of ‘older adults’ 

made from groups of wide age ranges. 
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Table 1: Relationships between Age and the Biomechanics of Gait in Older Adults. * denotes statistical significances of p < 0.05.  

Gait Variable R R
2
 

Regression Coefficients 

B t Sig. 

Temporal-Spatial Parameters 

Gait Speed (m/s) .587 .345 -0.019 8.267 p < 0.001* 

Stride Length (m) .665 .442 -0.017 -5.264 p < 0.001* 

Step Length (m) .647 .418 -0.007 -4.870 p < 0.001* 

Stance (%) .460 .211 0.051 3.062 p = 0.004* 

Double Limb Support Time (%) .510 .260 0.346 3.507 p < 0.001* 

Peak Toe Clearance (m) .770 .593 -0.003 -6.833 p < 0.001* 

Peak Kinematic Variables (degrees) 

Hip Extension (stance) .324 .105 0.294 2.029 p = 0.050* 

Hip Flexion (swing) .148 .022 -0.130 -0.887 0.381 

Hip Range of Motion .463 .215 -0.424 -3.095 p = 0.004* 

Knee Flexion (stance) .094 .009 -0.076 -0.558 0.581 

Knee Flexion (swing) .206 .043 -0.141 -1.247 0.221 

Knee Range of Motion .557 .310 -0.386 -3.964 p < 0.001* 

Ankle Dorsiflexion (terminal stance) .194 .038 0.096 1.172 0.249 

Ankle Plantarflexion (swing) .612 .375 0.476 4.581 p < 0.001* 

Ankle Dorsiflexion (swing) .264 .069 0.159 1.616 0.115 

Ankle Range of Motion .483 .234 -0.217 -3.267 p = 0.002* 

Peak Kinetic Variables (N/kg) 

Posterior Braking GRF  .335 .084 0.002 2.011 p = 0.053 

Anterior Propulsion GRF  .329 .108 -0.002 -1.969 p = 0.058 

Initial Peak Vertical GRF  .376 .141 -0.006 -2.260 p = 0.031* 

Minimum Vertical GRF Mid-Stance  .345 .119 0.005 2.048 p = 0.049* 

Second Peak Vertical GRF  .403 .163 -0.005 -2.413 p = 0.022* 

Loading Rate (N/kg/s) .336 .113 -0.099 -2.020 p = 0.052 

Decay Rate (N/kg/s) .330 .109 -0.069 -1.946 p = 0.061 

Hip Extensor Moment (Nm/kg) .376 .141 0.014 2.221 p = 0.034* 

Hip Flexor Moment (Nm/kg) .426 .181 -0.025 -2.579 p = 0.015* 

Knee Extensor Moment (Nm/kg) .311 .096 -0.008 -1.820 p = 0.079 

Knee Flexor Moment (Nm/kg) .332 .110 0.005 1.992 p = 0.055 

Ankle Dorsiflexor Moment (Nm/kg) .435 .190 -0.003 -2.693 p = 0.011* 

Ankle Plantarflexor Moment (Nm/kg) .588 .345 0.012 4.107 p < 0.001* 

 


