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Introduction

ace walking is primarily an endurance 
event demanding a considerable level 
of cardiovascular fitness. However, as 

in all other athletics events, competitors also 
require appropriate levels of muscular strength 
and conditioning. Because of its rules, race 
walking requires the athlete to use a unique 
form of gait and therefore strength training 
needs to be based on the specificity of the 
movements involved and orientated towards 
maintenance of technique1, with the develop-
ment of all-round strength and endurance a 
necessity2. In particular, it is important for race 
walkers to ensure both sides of the body are 
equally well trained to optimise performance 
and avoid disqualification.

In a previous study on elite junior race walk-
ers in competition3, it was found that many of 
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side of the treadmill in order to provide videos 
for qualitative analysis.

Electromyography (EMG) is used to record 
changes in the electrical potential of a muscle 
when it contracts and offers the only method 
of objectively assessing when a muscle is ac-
tive4. Surface EMG signals were recorded from 
four lower limb muscles of both left and right 
legs: gluteus maximus (GM), biceps femoris 
(BF), vastus lateralis (VL), and gastrocnemius 
(lateral head) (GL). Skin preparation involved 
cleansing of the skin with alcohol swabs5 and 
shaving to remove any hair. The single differen-
tial electrodes (DelSys, Inc., Boston) consisted 
of two silver bars 10mm long, 1mm wide, and 
10mm apart set in a rectangular polycarbonate 
casing. The reference electrode was placed 
over the fourth lumbar vertebra. After identify-
ing the appropriate attachment sites by palpat-
ing the contracted muscle, each electrode was 
placed over the muscle belly, aligned parallel 
to the underlying muscle fibre direction6. A te-
lemetry unit (DelSys, Inc., Boston) was used 
to collect the data at 1000Hz. To ensure low 
levels of movement artefact, wires connecting 
the electrodes to the unit were kept in place 
with tubular elastic net bandages. EMG data 
collection lasted five seconds and recorded 
for approximately seven strides on each leg. 
The raw EMG signals were processed using 
average rectified EMG (AREMG), with a time 
window of 50 milliseconds and an overlap of 
25 milliseconds.

Variables of interest were defined as follows:

Speed - the average horizontal speed during 
each complete gait cycle (two strides). Race 
walking speed is the product of stride length 
and stride frequency.

Stride length - the distance the body trav-
elled between a specific phase on one leg and 
the same phase on the other leg.

Stride length ratio - stride length expressed 
as a percentage of standing height.

the athletes had different left-to-right and right-
to-left stride lengths. It was suggested at the 
time that weak muscular development or poor 
flexibility on one side of the body could be a 
cause of these imbalances. In following up 
those findings, the aim of the present labora-
tory study was to measure kinematic and ki-
netic variables in young race walkers to see if 
any differences were present, to measure the 
muscular activity in particular leg muscles im-
portant in race walking in order to detect any 
imbalances.

Methods

Eight young international race walkers gave 
informed consent and the Leeds Metropoli-
tan University Ethics Committee approved the 
study. Five of the athletes were male (height 
1.75m (± .04), mass 67.0kg (± 5.2)) and three 
were female (height 1.68m (± .08), mass 52.9kg 
(± 5.5)). For the purposes of this study, men’s 
and women’s results have been grouped to-
gether. The group included athletes who had 
participated at competitions such as the IAAF 
World Junior Championships, IAAF World 
Youth Championships, and European Athletics 
Junior Championships. All participants were 
free from injury. Each athlete walked for 3km 
on a treadmill (Gaitway, Traunstein) at a con-
stant pace equivalent to 95% (± 2) of their sea-
son’s best for 10km.

Kinetic data were recorded using the tread-
mill, which has two in-dwelling force plates 
(Kistler, Winterthur). Data were collected for 
thirty seconds at 1500m at a sampling rate of 
1000Hz. This resulted in analysis of between 
90 and 100 strides per athlete. The Gaitway 
software produced average data for important 
vertical ground reaction force (GRF) variables 
such as impact and propulsive forces. In or-
der to account for the different body masses 
of the walkers, all GRF data were normalised 
and hence have been presented in this study 
in bodyweights (BW). As well as GRF data, the 
associated software gave values for kinemat-
ic data (e.g. stride length) and temporal data 
(e.g. stride time). High-speed cameras (250Hz) 
were positioned in front, behind, and to the 
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Table 2: Temporal and foot positioning variables (mean ± SD)

Table 1: Speed and stride length variables (mean ± SD)

Results

The mean values for speed and all stride 
length values for the eight race walkers are 
shown in Table 1. Stride length ratio, which has 
been found to be more important than absolute 
stride length (in metres) for optimal race walking 
performances7, ranged between 59 and 63%. 
The average stride length difference was just 
over one centimetre, but there was some varia-
tion between athletes. Four of the race walkers 
had no stride length difference and of the other 
four athletes, the largest differences were 2cm 
for two males and 3cm for one female.

Mean temporal and foot positioning values 
are shown in Table 2. Stride time is the recipro-
cal of stride frequency. Because of the interre-
lationship between stride length and stride fre-
quency, there were also differences between 
right and left legs for stride time, but these were 
quite short with an average difference of 0.007 
sec (± .005). The average stride width was 
relatively narrow at only 4cm. The average pro-
gression angle was a negative value as five of 
the participants turned both left and right feet 
inwards, and the other three all turned their left 
leg inwards and their right foot outwards. 

The mean values of the vertical GRF vari-
ables are shown in Table 3. Of the four force 

Stride length difference - the difference in 
length between right-to-left and left-to-right 
strides. Stride lengths less than 1cm different 
were considered to be of equal length.

Stride frequency - the number of strides taken 
per second, measured in Hz.

Stride width - a measurement of how closely 
the feet followed a straight line as the athlete 
walked. 

Progression angle - a value that indicated 
whether the foot was turned inwards (a negative 
value) or outwards (a positive value) during stance.

Impact force - the initial force that the athlete 
experienced at first contact (within the first 0.07 
sec of stance).

Loading peak force - the maximum force 
measured when the athlete’s weight loaded 
the stance foot.

Mid-stance force - the force experienced at 
the ‘vertical upright position’ (IAAF Rule 230.1).

Push-off peak force - the maximum 
amount of force the athlete used to push-off 
prior to toe-off.
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variables measured, impact peak showed the 
greatest difference between left and right legs 
(0.28BW ± 0.20). The loading force was the 
highest peak measured in all eight race walk-
ers. On average, the mean mid-stance force 
was slightly lower than the push-off peak 
force, but in three male individuals the op-
posite occurred and the push-off peak was 
smaller than the mid-stance force. With only a 
few individual exceptions, loading peak force, 
mid-stance force and push-off peak force val-
ues were very similar between left and right 
legs (within 0.10BW).

The EMG traces were analysed in order to 
identify any differences between left and right 
leg muscles. The traces were adjusted so that 
the timings of initial contact and toe-off in each 
leg were synchronised to facilitate compari-
sons between them. The swing phase lasted 
approximately 54% of the gait cycle and the 
stance phase the remaining 46%. In general, 
the muscles on both sides of the body were 
balanced in all athletes in terms of activation 
levels and timings (especially the gastrocne-
mius muscles). There were however some 
striking exceptions. Two of the male walkers 
had considerable differences between the ac-
tivation levels of the right and left vastus latera-
lis muscles during the contact phase (the EMG 
trace of three strides of one of these athletes is 
shown in Figure 1 as an example). In addition, 
it was noticed that several athletes compen-
sated for a lack of activity in a particular muscle 
with increased activity in a synergist muscle 
(i.e. gluteus maximus and biceps femoris). An 
example of this is shown in Figures 2 and 3, 
where the EMG of one athlete during a single 
stride has been presented to highlight this 
phenomenon. In Figure 2, it can be seen that 
both right and left gluteus maximus muscles 
contracted prior to contact (between approxi-
mately 20 and 50% of the gait cycle). However, 
during stance, the left gluteus maximus was 
active in extending the hip between 50 and 
80% whereas right gluteus maximus activity 
was much quieter during the same phase. In 
Figure 3, the opposite occurred, and the right 
biceps femoris was noticeably active dur-
ing the first half of the stance phase whereas 
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the left biceps femoris was not (there was no 
substantial difference between the right and 
left biceps femoris muscles during the earlier 
swing phase).

Discussion and Recommendations

The purpose of this study was to measure 
kinematic and kinetic variables and muscle 
activity in young race walkers to detect if leg 
asymmetry was present. The average walking 
speed in this study was lower than that normal-
ly walked by the athletes in competition due to 
testing taking place early in the training year. As 
a result, the values measured in this study for 
key variables such as stride length and stride 
frequency were slightly lower than those found 
in elite junior race walkers in competition3. 
Similarly, stride length ratio was shorter than 
that found in elite senior athletes7 and this is 
therefore an important variable for these junior 
athletes to develop. Of course, the advantage 
of this early season testing for these particular 
athletes was that any potential problems were 
discovered before serious training and compe-
tition commenced. In particular, the differences 
in stride length and stride time that were found 
in some athletes might have increased in high-
level competition if not dealt with. The narrow 
stride width observed was an indicator of good 
race walking technique but some athletes 
achieved it by turning their feet inwards too 
much. This unnatural placement of the feet can 
strain the muscles on the lateral side of the leg 
and lead to injury. This technical error can oc-
cur because of weak hip muscles which do not 
control inward rotation of the leg nor generate 
sufficient pelvic rotation. Athletes should there-
fore take care that training and competition are 
not undertaken with incorrect technique which 
could increase the risk of injury.

In terms of the overall kinetic findings, the 
average impact peak measured in this study 
was much lower than that found typically in 
distance running8 and impacts of this mag-
nitude are unlikely to result in injury. In ex-
perienced race walkers, the loading peak 
force is greatest, followed by a slightly lower 
mid-stance force and an even lower push-off 
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Figure 1: Right and left vastus lateralis EMG activity during three successive strides in one athlete

Figure 2: Right and left gluteus maximus EMG activity during a single stride in one athlete

Figure 3: Right and left biceps femoris EMG activity during a single stride in one athlete
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peak force9. This is in contrast to normal walk-
ing where the push-off peak force is roughly 
equal to the loading peak force10. The different 
pattern in race walking is due to the need to 
avoid too much vertical propulsion and a con-
sequential visible loss of contact. Achieving 
this highly efficient movement pattern requires 
many years of practising correct race walking 
technique and can therefore be considered a 
‘mature’ race walking gait. Of the eight walkers 
tested, only three of these young athletes (who 
were all male) demonstrated a mature gait of 
this nature. While a positive finding was that 
most athletes had few differences between the 
legs for vertical GRF values, larger differences 
could result as the walkers progress to senior 
competition and greater training volumes. Be-
cause of this, regular monitoring of the athlete’s 
technique by the coach is required to ensure 
that both sides of the body move efficiently.

Correct technique is also important in terms 
of satisfying the two specific rules of race 
walking. With regard to the requirement for a 
straightened knee from first contact until the 
vertical upright position, an athlete can be dis-
qualified if either knee is bent so it is clearly 
important that both legs are well trained. Some 
athletes do not require large amounts of mus-
cle activity in order to achieve a straightened 
knee if, for example, they have a highly mo-
bile knee joint. This was seen in most of the 
athletes in this study as there was little activity 
in the vastus lateralis, a knee extensor which 
forms part of the quadriceps femoris muscle 
group on the anterior thigh. However, two of 
the men did display high levels of vastus late-
ralis EMG activity, but in both cases this was 
evident in one leg only (Figure 1). This might 
have been due to a lack of mobility around the 
knee joint, which is often caused by a lack of 
flexibility in the antagonist hamstring muscles. 
An athlete who must forcibly use their quadri-
ceps muscles to straighten their knee on ev-
ery stride expends considerable energy. This 
can therefore result in local muscular fatigue in 
competition, increasing the risk of disqualifica-
tion in the latter stages of the race.

Gait movements can be achieved in a num-

ber of ways, and if a particular muscle cannot 
be used, its function can be taken over by an-
other muscle or muscle group10. However, if 
stronger muscles repeatedly compensate for 
weaker ones imbalances and injury can occur, 
especially if these result in one side of the body 
compensating for the other. It was interesting 
to note that in some cases there were com-
pensations not just between muscle groups, 
but within legs as with the highlighted example 
of the biceps femoris and gluteus maximus 
(Figures 2 and 3). The role of the hamstrings 
during race walking is significant because they 
serve to decelerate hip flexion and knee ex-
tension during mid-swing, and to extend the 
hip during late swing until mid-stance. If large, 
powerful muscles such as gluteus maximus 
do not contract during these phases, the 
hamstrings must take the full strain involved in 
these rapid movements. In the short term (e.g. 
during a competition), this could result in early 
muscle fatigue, and in the long term, injury. In-
deed, Francis et al.11 found that the most com-
monly reported injuries in race walking were 
to the hamstrings. Hamstring injuries are also 
common in competitive running and sports in-
volving fast running due to the similar eccentric 
contractions that occur during swing12. In this 
study it was interesting that although the ham-
strings were overused in some instances, the 
opposite was also true in other cases where 
the hamstrings were underused and the glu-
teus maximus assumed the entire hip exten-
sor role instead. What is therefore clear is that 
race walkers and their coaches should monitor 
the strength of individual muscles and muscle 
groups to make sure particular muscles are 
working to the required level and at the correct 
times during the gait cycle.

Conclusion

Kinematic, kinetic and EMG measurements 
conducted on a competitive group of young 
walkers revealed a number of imbalances be-
tween legs, although for the most part these 
differences were quite small. Leg asymmetry 
can occur due to a variety of reasons, such 
as a lack of joint mobility or muscle strength 
on one side of the body. While it was easy to 
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identify the importance of differences in some 
key race walking variables, such as stride 
length, the factors that might underlie these 
variables were more subtle and less easy to 
evaluate. Athletes who do not display imbal-
ances externally (such as differences in stride 
length) might still exhibit internal imbalances, 
and because of this all-round technical and 
strength development must be very carefully 
monitored. The time spent developing effi-
cient and correct technique in junior athletes is 
worthwhile preparation for senior competition 
over the longer distances of 20 and 50km.
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