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SUMMARY
Ankle plantar flexor (A2), hip extensor (H1) and hip flexor 
(H3) joint power generation are important factors in human 
gait. It is well known gait speed and ageing alters joint 
kinetics during walking. Ageing gait has been associated with
decreased ankle joint function and increased hip muscle 
activity. However, it is not known whether this effect of speed 
upon join kinetics is the same for older and young adults. This
study investigated the effect of speed on A2, H1 and H3 joint 
powers in a group of young (YG) and older adults (OG)
walking over a range of speeds. Participants walked at seven 
speed conditions. Peak joint powers were calculated and 
regressed as a function of gait speed. All joint powers were 
affected by speed. The OG increased H3 more than the YG, 
whereas the YG increased more A2 than the OG. At speeds 
over 1.5 ms-1 the OG increased cadence more than the YG, 
whereas the YG increased step length more than the OG. This 
shows that the OG relied more on hip flexor muscles and 
increases in cadence to reach a maximum walking speed.

INTRODUCTION
Gait speed is considered to be the major variable in human 
locomotion and affects spatiotemporal, kinematics and kinetic 
parameters of gait [1,2]. Studies have shown that older adults 
exhibit different joint kinetic patterns compared to young 
adults when advancing the body. This change is mainly 
produced by decreased ankle plantar flexor function in the 
older adult gait that is compensated by an increased activation
of hip flexor muscles [3]. This has been proposed to be a 
neuromuscular adaptation aimed to maintain gait functionality 
[4]. The effect of speed on aging gait has been studied at a 
range of matched speeds. No investigation, however, has 
specifically compared the relationship between joint powers 
and walking speeds in older and young adults. Currently, it is 
not known if the relationship between these factors remains 
the same or differs between young and older adults as walking
speed increases up to maximum self selected speed. 

METHODS
Subjects. Eight healthy older adults (OG; age: 67.8 ±5.0 yr; 
height: 1.67 ± 0.07 m; mass: 75.7 ± 11.7 kg) and 8 healthy 
young adults (YG; age: 26.4 ± 2.8 yr; height: 1.69 ± 0.06 m; 
mass: 67.2 ± 9.4 kg) participated. Ethics approval was 
obtained from The University of Melbourne. Written informed 
consent was obtained from all participants. Exclusion criteria 
included the presence of any medical conditions that affected 

gait or failure to achieve a maximum score on the Short 
Physical Performance Battery (OG group) [6].

Apparatus. Gait data were recorded with an 8-camera VICON 
MX System (200 Hz) and three OR6-7 AMTI force plates 
(2000 Hz). The force plates were embedded in the centre of a
12 m walkway. Timing gates (NAM7R Takenaka 302) were 
used to monitor gait speed.

Procedure. Participants walked barefoot. Vicon Plug-in-Gait 
model (Oxford Metrics Ltd, UK) marker set was used. 
Subjects performed 5 successful trials per leg at seven speed 
conditions: 1.0 ms-1, 1.3 ms-1, 1.6 ms-1, self-selected slow, 
natural, fast and very fast speed. Verbal feedback about speed 
was given at the end of a matched speed trial to adjust speed.

Data Processing. Data were processed with Nexus software 
using Vicon Plug-in-Gait model (version 1.3.109). A Woltring 
filtering routine with a MSE value of 20 was used. Joint 
powers (ankle and hip) (Figure 1) and ground reaction force 
data were exported and processed in Igor Pro version 6.0.0.0 
(Wavemetrics Inc., Oregon, USA). This program extracted 
A2, H1 and H3 peak joint powers (Fig. 1) and basic 
spatiotemporal measures of gait.

Figure 1: Representative plots of A2, H1 and H3 joint peak 
power for an OG and YG subject walking at 1.6 ms-1.

Statistical Analysis. SPSS version 17.0 was used for all 
statistical analyses. The normality of the data sets was 
assessed by skewness and kurtosis. Correlation and regression 
analyses (linear and quadratic) were made between each peak 
joint power, cadence and step length and gait speed for each 
group. Significance outcomes for OG and YG were considered 
to be significant if p-values fell below 0.05.



RESULTS AND DISCUSSION
Each of the three peak joint powers (A2, H1 and H3), cadence 
and step length linear and quadratic regression were plotted 
for each group (Figure 2). Equations and R2-values for linear 
and quadratic regressions and significant differences between 
group regressions (p-values) are presented in Table 1. 

Table 1. Peak joint power regression equations, R2-values and
p-values. (x= gait speed, CAD = cadence, STL= step length, * 
significant differences).

Linear regression R2
p Quadratic regression R2

p

A2 OG 2.5558x + 0.0978 0.5647 0.0139*  -1.6313x2 + 8.0919x - 3.5328 0.7103 0.0001*

YG 2.8670x + 0.3156 0.6443  - 0.9929x2 + 5.7705x - 2.3196 0.5906
H1 OG 1.1973x - 0.6742 0.3545 0.0001*  - 0.2389x

2
 + 1.9682x - 1.2526 0.3587 0.0001*

YG 1.6853x - 1.4098 0.5800 0.5629x2 - 0.1115x - 0.0885 0.6005
H3 OG 3.0656x - 2.1060 0.7834 0.0643  0.3389x2 + 1.9676x - 1.2800 0.7863 0.0001*

YG 2.7555x - 1.9988 0.8152 1.1233x2 - 0.8703x + 0.6908 0.8610

CAD OG 51.714x + 46.894 0.9028 0.0001* 3.8837x2 + 39.3709x + 56.0358 0.9042 0.0001*

YG 45.5322x + 52.1107 0.8538 0.7828x2 + 43.0557x + 53.9174 0.8539
STL OG 0.1778x + 0.4532 0.6078 0.0139*  -0.0672x2 + 0.3912x + 0.2951 0.6317 0.0075*

YG 0.2178x + 0.4161 0.6822  - 0.0783x
2
 + 0.4655x + 0.2354 0.7095

A2- Ankle Plantar-flexor Power
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H3 - Hip Flexor Power
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H1 - Hip Extensor Power
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Figure 2: Plots depict linear (solid line) and quadratic (dashed 
line) regressions for OG (blue) and YG (red) subjects for the 3 
joint power measures, step length and cadence. 

Using linear regression, it was found that OG adults increased 
hip flexor power (H3) more than YG to walk at the “very fast 
speed”. However, using quadratic regression, YG were able to 
increase in a greater rate H3 power than OG when walking 
over 2.2 ms-1. On the other hand, YG increased ankle plantar 
flexor power (A2) significantly more than the OG to reach 
maximum walking speed (p<0.05). With the linear regression 
these differences were greater as speed increases. With the 
quadratic regression, however, A2 power reached a plateau at 
around 2.0 ms-1. 
At walking speeds up to 1.6 ms-1, the OG and YG exhibited
similar increases in hip extensor power (H1). However, at the 
faster walking speeds, the YG increased H1 significantly more 
than the OG (p<0.05) for both the linear and quadratic 
regressions. The quadratic regression also showed that in order 
to increase walking speed above 2.0 ms-1, the YG used more 
H1 power than the OG.   
The OG exhibited significantly greater cadence than YG for 
both linear and quadratic regressions. In contrast, the analysis 
showed that the YG relied more upon increases in step length 
than the OG to increase speed (p<0.05). However, quadratic 
regressions showed that above 2.0 ms-1 both groups reached a 
plateau in step length. 

The increases of the three peak joint powers followed a linear 
increment until a walking speed approximately 2.0 ms-1. 
Above this speed increases in cadence coupled with
maintained step length (associated with a maintained A2)
caused the YG to increase hip flexor and extensor muscles 
activity to walk at maximum speed.  
It is possible that in order to reach speeds over 2.0 ms-1, hip 
extensor muscles increase activity as a result of an inability to 
provide further contribution by the ankle plantar flexor 
muscles. An increase in H1 by the OG in order to reach same 
speed as YG has been reported previously [4]. However, it is 
reasonable to suggest that this strategy is used at high speeds 
whereas at slow speeds the role of the hip extensors is 
primarily for stabilization [2]. It is also possible that a deficit 
in hip extensor muscles strength or a decreased functional 
range of movement in hip extension may have prevented the 
OG to reach the same speeds as the YG by increasing step 
length.       
Although increasing cadence may be a safe strategy for the 
OG to increase gait speed, it may be related to a failure to 
compensate for a reduced activity of the ankle plantar flexors. 
It may also be due to insufficient hip flexor activity or an 
inability to increase hip extensor muscles activity in the OG 
when walking at fast and very fast speeds. 
A2 power has been directly linked to step length reductions in 
older adults [5]. In this study, lower correlations were found 
between speed and A2 power and step length and speed for the 
OG compared to the YG. This may partly explain the
significantly higher correlation in the OG between H3 power 
and gait speed than for the YG (p<0.05) in order to produce 
propulsion of the body forward. This action probably
compensated for an A2 power deficit in the OG until around
2.0 ms-1, but did not allow maintaining similar step lengths.
This agrees with previous work that older adults increase 
cadence as oppose to increase in step length to increase gait 
speed [2].

CONCLUSIONS
Notable differences in the effect of speed upon the joint peak
powers analyzed were found between the groups. Hip flexor 
power increased more in the OG with speed. However, over 
2.0 ms-1, the strategy to increase speed in the OG was to
increase cadence instead of step length, even though hip flexor 
power was similar between the groups. A deficit in ankle 
plantar flexor power most likely caused the kinetic differences 
observed between groups. Young adults increase gait speed by 
increasing A2 power. This strategy is available until 
approximately 2.0 ms-1 when hip flexor and extensor are 
necessary to continue increasing gait speed. 
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