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Summary 
Background: : It is possible that different forms of locomotion, when carried out at the same speed, may have a distinct 
influence on the physiological and perceptual responses to exercise. 

Objective: To compare the cardiorespiratory responses and the subjective perception of the effort to walk and run at the 
same speed, as determined from the walk-run transition speed (WRTS). 

Methods: From an initial sample of 453 subjects enrolled in the compulsory military service, 12 young adult men were 
selected and carefully homogenized as to age, sex, anthropometric characteristics, aerobic condition and experience in a 
treadmill. In preliminary sessions, the individual WRTS was determined. Thereafter, on three different days, the subjects 
walked and ran in balanced order, in each of the following speeds: WRTS; WRTS - 0.5 km/h; WRTS + 0.5 km/h, so as to 
obtain exhaled gases, heart rate (HR) and perception of effort measurements.  

Results: The protocol for WRTS detection was highly reproducible (r = 0.92, p <0.05). In an intensity of exercise above 
the WRTS, the perceived effort, the HR, and the ventilatory variables—VE, VO2, VCO2 and R—showed higher values 
during walking than during running (p <0.05), whereas at the WRTS and at the speed of 0.5 km/h below WRTS, the form 
of locomotion did not affect the cardiorespiratory and perceptual variables (p> 0.05).

Conclusion: Walking at a speed above the WRTS tends to be more stressful to the subject, from a physiological and perceptual 
point of view. It seems appropriate to individualize the WRTS and standardize the form of locomotion for determining a more 
accurate and physiological intensity of the aerobe exercises. (Arq Bras Cardiol 2009; 93(3) : 389-395)
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Introduction 
The energy expenditure of exercise varies according to its 

characteristics1. Man, being bipedal, uses only walking and 
running as natural forms locomotion. When the displacement 
speed is increased, there is a critical moment in which there is 
a transition from walking to running, which characterizes the 
walk-run transition speed (WRTS). Several factors influence 
the WRTS. Key features are the anthropometric characteristics, 
the level of physical fitness, the duration of the activity and 
the perception of the intensity of the effort. 

But what exactly makes an individual choose to walk or 
run at a given speed? The answer to this question is far from 
settled2-6. Whatever the mechanism responsible for the WRTS, 
the knowledge of the physiological responses to walking and 
running, at a speed near the WRTS can provide important data 

for the prescription for aerobic exercise in healthy subjects 
and in patients with cardiovascular diseases. This becomes 
practical whenever it is necessary to combine walking and 
running at specified intervals of time in the same session of 
exercises. The analysis of these alternatives becomes even 
more relevant for individuals who tend to have a maximum 
oxygen uptake between 6 and 10 METs, for whom walking 
involves little effort, while running is an effort above the 
ventilatory anaerobe threshold (VAT) . 

Unfortunately, few experiments have investigated the 
physiological responses obtained just above or below the 
WRTS7-9. Furthermore, methodological limitations of the 
studies complicate inferences on the subject. Among the main 
limitations are the lack of reproducibility of the protocol for 
WRTS detection, the small number of subjects in the samples 
and the variability of their anthropometric characteristics, and 
the limited time to monitor the activities7,10. 

Considering these limitations, this study aimed to 
compare the responses in cardiorespiratory variables and 
perception of the effort, during walking and running at 
the WRTS, and at levels slightly above and below the 
WRTS, in a carefully homogenized sample regarding sex, 
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anthropometric characteristics, aerobic condition and 
adaptation to work on a treadmill.

Methods

Sample
To homogenize the sample, we selected men aged between 

18 and 19 years, enrolled in the military service. From a total 
of 453 subjects, all suitable for physical activity by a medical 
evaluation, those selected ranged between the 35th and 65th 
percentiles in height for the group. Then, we identified those 
whose body mass values were closest to the median value of 
the group, totaling 53 volunteers. Subsequently, we excluded 
those who participated in competitive sports or that were 
accustomed to training in a treadmill. Next, we excluded 
12 subjects who had the lowest limb lengths in the group. 
Among the remaining, we selected 24 volunteers with more 
homogeneous values of aerobe condition, obtained in a field 
test (using the same strategy: median ± 12). In addition to 
selecting individuals to be submitted to a cardiopulmonary 
exercise test, the field test aimed to eliminate a possible 
influence of the VAT in the detection of the WRTS. To make 
sure that the members of the sample reached the WRTS below 
the VAT speed, we identified, initially, the subjects whose VAT 
was over 9 METs in the field test. Considering that the VAT in 
non-athletes usually occurs between 60% and 70% of the peak 
oxygen uptake (VO2peak), the members of the study should 
have, at least, maximum aerobic power values between 14 
and 16 METs, which would correspond to distances between 
2700 and 3200 m in the 12-minute field test11. 

For the 24 selected subjects, a treadmill adaptation training 
was conducted, consisting of a 15-minute running on two 
different days, as an adaptation of the original proposal by Wall 
and Charteris12,13. Finally, a maximal cardiopulmonary exercise 
testing was conducted, using a ramp treadmill protocol, from 
which 12 subjects were selected among those who met the 
criteria of the maximal exercise test and whose VAT and 
VO2peak results were closer to the median value shown by the 
group. Thus, 12 subjects were selected, carefully homogenized 
as to the following features (minimum and maximum): a) 
gender and age: men aged 18.6 ± 0.5 years (18 to 19); b) 
body mass of 66.4 ± 1.1 kg (64 to 68); c) height of 174.5 ± 
1.4 cm (174 to 176); d) length of lower limbs of 83.3 ± 1.2 
cm (81 to 85.4); e) VO2 peak of 52.2 ± 2.2 ml.kg-1.min-1 (50 
and 57.1); f) VAT of 39.8 ± 2.6 ml.kg-1.min-1 ( 36.5 and 45.6). 
Prior to participation in the experiment the volunteers signed 
a term of free informed consent and the study protocol was 
approved by the Institutional Ethics Committee.

Monitored variables
The monitored cardiorespiratory variables were oxygen 

uptake (VO2), pulmonary ventilation (VE) and carbon dioxide 
production (VCO2), obtained through the Medical Graphics 
metabolic analyzer, model GPX / D (Saint Louis, USA); and 
heart rate (HR), measured by the Polar monitor model Accurex 
Plus (Kempele, Finland). We also calculated the pulse of oxygen 
(O2 Pulse), the ventilatory equivalent of oxygen (VE/VO2) and 
of carbon dioxide (VE/VCO2), and the respiratory exchange 

ratio (R). Data were monitored continuously and their average 
values were recorded at each minute of exercise.

The perception of effort was assessed by the Borg CR10 
Scale, using separate values for local and general effort 
perceptions, at every minute of exercise. For local perception 
of effort, after standardized instructions on the proper way 
to quantify the perceived effort14, the subject was required 
to report the symptoms observed in the lower limbs. Due to 
the inability to verbally express the values of the Borg scale 
because of the apparatus used to measure the ventilatory 
variables, the evaluator pointed to the values on a scale 
located in front of the treadmill, and the subject indicated the 
estimated value of perceived exertion at each moment.

Determination of the individual WRTS
As the WRTS determination is protocol-dependent7,10, we 

initially determined its reproducibility, with an application on 
three separate days for 48 hours. After a 2-minute warm up at 
4.5 km/h, the protocol began at a speed of 5.5 km/h, which was 
increased at every 15 seconds by 0.1 km/h. After reaching the 
WRTS, the subject continued in the protocol for another minute 
and thirty seconds. Finally, the speed was reduced to 4.5 km/h 
for two minutes, and the protocol was ended. To identify the 
exact moment in which each volunteer modified the form of 
locomotion, the tests were filmed, and the WRTS was determined 
using a video-tape, to identify the exact moment in which the 
individual spontaneously showed, in a definitive manner, the 
flight phase that characterizes running.

Evaluation of responses during different forms of 
locomotion 

In this stage, the subjects were instructed to walk and run for 
eight minutes, with an intensity of effort corresponding to the 
individual WRTS, and at a speed equivalent to the WRTS ± 0.5 
km/h. The choice of this time span to monitor the locomotion 
was due to the fact that individuals find it extremely difficult to 
remain walking above the WRTS, after the limit of eight minutes is 
exceeded. Thus, to standardize the comparison of the monitored 
variables, the same activity was applied to all speeds and forms 
of locomotion. The cardiorespiratory variables were monitored 
continuously and registered at the end of each minute of activity. 
As for perceived exertion, the subjects were asked to report it at 
the end of each minute of activity. For comparison purposes, we 
used the average value for eight minutes of activity. In addition, 
in order to stabilize the values of R, the subjects first walked 
at 5 km/h for two minutes. After this, the speed and form of 
locomotion selected for each day were applied. Data collection 
was performed during three days, in which the subjects carried 
out two activities at each visit, with an interval of one hour, 
minimizing the possibility of fatigue. The order of implementation 
of the various activities was balanced. In separate test days for 
each volunteer, the data were collected at the same time, and 
the subjects always used the same sport shoes.

Statistical treatment 
To determine the reproducibility of the WRTS detection 

protocol, we used the intraclass correlation coefficient. To 
compare the differences in each of the cardiorespiratory 
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Figure 1 - Values for the Borg Scale (mean ± standard deviation) of local 
and general perceptions of effort reported at the walk-run transition speed 
(WRTS), and at a speed below (-0.5 km/h) and above ( +0.5 km/h) the WRTS. 
* P <0.05. 

Figure 2 - Values of HR (mean ± standard deviation) obtained at the WRTS and 
at a speed below (-0.5 km/h) and above (+0.5 km/h) the WRTS. * P <0.05.

Figure 3 - Values of VO2 (mean ± standard deviation) obtained at the WRTS and 
at a speed below (-0.5 km/h) and above (+0.5 km/h) the WRTS. * P <0.05.

responses and the general and local perception of effort during 
walking and running, in three speeds studied, we used an 
ANOVA for repeated measures of an entry accompanied by 
a post-hoc verification of Bonferroni ( p <0.05). The software 
STATISTICA for Windows, version 6.0, Statsoft Incorporation 
(Tulsa, USA), was used for all data analyses. The figures were 
prepared with GraphPad Prism 5 (San Diego, USA).

Results
In the WRTS detection, we observed very similar values 

within three days of tests, reflecting a low interday variability 
(8.2 km/h; 8.1 km/h; 8.1 km/h, respectively, p> 0, 05). In 
addition, the protocol was highly reproducible and showed 
an intraclass correlation coefficient of 0.92 (p <0.05). 

The physiological responses to exercise differed in the 
speeds and forms of locomotion that were assessed in the 
study. The general and local effort perceptions also showed 
different behaviors (Figure 1), tending to be higher during 
walking, especially above the WRTS (p <0.05). The results for 
local perception of effort were consistently higher than those 
reported for general perception (p <0.05). 

The HR and VO2 responses increased with the increase in 
speed. However, statistical differences (p <0.05) between forms 

of locomotion were only observed above the WRTS (Figures 2 
and 3). At this speed, the HR was about 20 bpm higher during 
walking than during running, while the VO2 was superior by 
5 ml.kg-1.min-1. Comparing the lowest and the highest speed 
investigated, we found that the HR increased, on average, by 
only 2.5% during running, and by 22% during walking. The 
same analysis for the VO2 shows that at a speed of 0.5 km/h 
below the WRTS, the oxygen uptake is about 3 ml.kg-1.min-1 
lower for walking (7%), while at the speed of 0.5 km/h above 
the WRTS, running represents an economy of 15%.

Regarding VE and VCO2 responses, data for the speed 
above the transition were significantly higher (p <0.05) than 
those obtained in other monitored intensities (Figure 4), with 
a behavior similar to those observed for HR and VO2. As for 
O2 and CO2 ventilatory equivalents (Figure 5), we observed 
very similar values during walking and running in the two 
lower speeds studied, and significant increases for walking at 
a speed above the transition (p <0.05).
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Figure 4 - Values of VE and VCO2 (mean ± standard deviation) obtained 
at the WRTS and at a speed below (-0.5 km/h) and above (+0.5 km/h) the 
WRTS. * P <0.05.

The O2 pulse showed no significant difference between 
walking and running in any of the three speeds studied (p> 
0.05) (Figure 6), although a trend to progressively higher 
values was observed when the speed was increased in both 
forms of locomotion. For all speeds investigated, walking had 
systematically higher values of R than running, although a 
significant difference (p <0.05) for walking was only observed 
at the higher speed (Figure 7).

Discussion 
The components of a prescription for exercises include 

the selection of sport modality, intensity of effort, duration 
of the activity, weekly frequency and pattern of exercise 
progression15,16. These components are used to determine 
prescriptions in subjects of all ages, functional abilities 
and clinical conditions17-20. Despite the importance of all 
components, the intensity of effort is one of the most difficult 
to quantify. As to the form of locomotion, the selection of the 
appropriate modality is the first element to be defined, since 
it may influence the intensity of effort.

Figure 5 - Values for O2 and CO2 ventilatory equivalents (mean ± standard 
deviation) obtained at the WRTS and at a speed below (-0.5 km/h) and above 
(+0.5 km/h) the WRTS. * P <0.05.

Before discussing the results, the influence of the protocols in 
obtaining the variables, as determined from the WRTS is worth 
mentioning. In continuous protocols with stages of less than four 
minutes, the responses to the effort can behave differently from 
those observed in protocols that use efforts of constant intensity 
in more prolonged stages7,21. In the case of protocols with 
longer stages, the variable values can be computed throughout 
the monitoring period. Thereafter, these variable values are 
compared to verify the existence of differences between the 
two forms of locomotion8,9. This procedure allows the study of 
exercise prescription in more realistic conditions and, therefore, 
we chose this strategy to monitor the responses to walking and 
running, investigating the values of cardiorespiratory and effort 
perception variables in eight minutes.

The only trial that investigated ventilatory variables during 
running and walking based on the WRTS determination was 
conducted by Mercier et al9, and followed seven subjects for four 
minutes at the WRTS and at speeds corresponding to 0.5 and 1 
km/h above and below the WRTS. No differences were found for 
VO2, VE, HR, VE/VO2 and R at the WRTS, and at 0.5 km/h above 
the WRTS, but there were differences for VO2, VE and HR at 0.5 
km/h below the WRTS. At velocities corresponding to ±1 km/h, 
all variables showed differences between walking and running. 
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Figure 7 - Values of R (mean ± standard deviation) obtained at the WRTS and 
at a speed below (-0.5 km/h) and above (+0.5 km/h) the WRTS. * P <0.05.

Figure 6 - Values of O2 pulse (mean ± standard deviation) obtained at the WRTS 
and at intensities below (-0.5 km/h) and above (+0.5 km/h) the WRTS.

However, the small number of subjects, and the heterogenous 
anthropometric features and cardiorespiratory fitness limited the 
results. In addition, each form of locomotion was accompanied 
only for 4 minutes, which represents a short interval of time to 
obtain stability of the cardiorespiratory variables, especially in 
intensity above the WRTS. Finally, there were no reported data 
concerning the reproducibility of the protocol for detection of 
the WRTS, which limits the consistent inferences obtained from 
the study.

Brisswalter and Mottet8 also investigated the relationship 
between the energy costs at speeds that were imposed and 
selected based on the WRTS. As the objectives of the study 
focused on the energy demand, the only data obtained from 
exhaled gases measurements were the VO2 values during running 
and walking. This experiment showed methodological problems 
similar to those observed by Mercier et al9, which also reduces 
the consistency of the results.

The data found in this study appear to be opposed to those 
observed by Mercier et al9. In our study, we obtained similar 
data for the monitored cardiorespiratory variables at 0.5 km/h 
below the WRTS, which did not occur at 0.5 km/h above 
the WRTS. At the latter speed, significant differences were 
observed in ventilatory (except O2 pulse) and HR variables 
between walking and running. The exception found for the 
O2 pulse can be explained by the similar increases in VO2 and 
HR values, which rendered the relationship between these 
variables essentially constant at the assessed speeds.

Besides the cardiorespiratory responses, our study followed 
the local and general perception of effort. In both forms of 
perception, there was a greater value during walking than 
during running, at a speed above the WRTS, corroborating 
the data observed for HR and ventilatory variables. At all 
speeds, the local perception had higher scores than the general 
perception during walking, suggesting a strong influence of 
peripheral factors on this form of locomotion3,5. Above the 
WRTS, VO2, HR and VE responses were higher during walking 
than during running, possibly due to an increased recruitment 
of the muscles of the trunk and upper limbs with the increase 
in speed in this form of locomotion, also increasing the 
eccentric work for carrying out the movement5. There may 
be a relationship between the local perception of greater 
effort and the greater increase in cardiorespiratory variables. 
Prilutsky and Gregor3 evaluated several leg muscles during 
walking and running at speeds between 55 and 145% of the 
WRTS by EMG, noting that the action of the flexor muscles 
was greater during walking than during running above the 
WRTS. The lower VO2 during running at higher speeds may be 
a consequence of the elastic energy stored during the running 
support stage22,23, as occurs in walking24.

Three aspects seem to explain the differences between 
this study and the one conducted by Mercier et al9. The first 
concerns the sample selection. The sample of the above 
mentioned study was small and heterogeneous regarding 
gender, anthropometric characteristics, aerobic condition 
and experience in working on a treadmill. The careful 
homogeneization of these characteristics in this study may 
have contributed to a greater control of the measurements 
obtained, since they can affect the cardiorespiratory responses 
to exercise. The difference in the WRTS detection protocols 
may also have influenced the differences in results. Only one 
study presented data on reproducibility of the WRTS detection 
protocol, in which an intraclass coefficient of 0.72 was 
observed for the WRTS determined in different days7. In this 
study, there was a high reproducibility of the WRTS detection 
protocol, which showed an intraclass correlation coefficient of 
0.92, higher than the value reported in the literature.

Finally, we highlight the difference in monitoring time 
of variables between the studies. Our data were followed 
for eight minutes, while Mercier et al9 followed for just four 
minutes, which may have not be sufficient for the stabilization 
of the measurements, especially at speeds above the WRTS. 
An important detail to be highlighted concerns the exercise 
tolerance while walking at a speed of 1 km/h above the WRTS. 
In our experiment, the subjects have reported marked fatigue 
while walking after the fourth minute at 0.5 km/h above the 
WRTS, and they had to be constantly encouraged to continue 
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until the end of the eighth minute. A pilot study showed 
that there was no stability of measurements and that it was 
extremely difficult to make volunteers remain walking for 
more than four or five minutes at 1 km/h above the WRTS. 
From the application, this means that walking fast at speeds 
above the WRTS may not be a good strategy for completing 
the exercise, due to the rapid increase in cardiorespiratory 
and perceptual responses to exercise.

If walking is the most appropriate form of locomotion 
for the initial phase of cardiac rehabilitation programs, 
the subsequent inclusion of running is quite common and 
recommended. However, for those who do not fit in these 
two extremes, the choice of one or other activity may have 
implications in the possibilities of effort tolerance25. The 
results of this study call attention to the impact that the 
choice of the form of locomotion can have in quantifying 
the intensity of the exercise. The perception of effort, 
which was higher during walking in all investigated speeds, 
calls attention to the importance of monitoring peripheral 
factors, as well as the metabolic data. In this sense, the 
Borg scale focused on perceptions of local efforts can 
assist in monitoring the exercise intensity. In addition, 
small variations in speed in different forms of locomotion 
can cause different responses to the effort. In this study, a 
variation of approximately 15% in speed and in the form of 
locomotion represented individual differences of up to 50% 
in the VO2 measured during exercise (Figure 3). For some 
subjects, the HR varied by up to 25 bpm between running 
and walking at the same speed. However, changes in 
running speed around the WRTS did not significantly affect 
the HR responses and may even be more convenient to 
some subjects from a locomotor point of view (Figure 2).

The data of this research also suggest implications for the 
energy expenditure of the activity. The use of equations for 
prescribing exercise based on the expenditure of energy may 
be relatively useful in submaximal activities, standardized 
and carried out under steady-state conditions. However, 
the adoption of such equations does not apply to a range of 
speeds in which occurs the transition between walking and 
running, more typically between 6 and 8 km/h. In this case, 
for the same form of locomotion, the individual variability 
in VO2 and consequently in energy expenditure, may reach 
20%, making difficult the use of predictive equations1. The 
choice between walking or running at the same speed raises 
different implications in energy demand, as shown in this 
study VO2 data, highlighting the influence of different forms 
of locomotion, when the exercise is conducted at speeds 
above or below the WRTS. At intensities below, or even at 
the WRTS, running tends to provide slightly higher values than 
those of walking. However, above the WRTS, walking will have 
more influence on VO2 values, and thus on the expenditure 
of energy, than running. These findings emphasize the 
importance of choosing the form of locomotion in the exercise 
programs for cardiac rehabilitation, in which the subjects 
exercise in intensity near the WRTS, with clinical implications 
and greater safety in the prescription of atictivities1,26.

Another aspect to be highlighted is the importance of the 
form of locomotion in the behavior of the VE and the O2 and 
CO2 ventilatory equivalents. Above the WRTS, a larger increase 

was observed in these indicators during walking than during 
running, which can result in implications for the subjects 
who have cardiorespiratory limitations27-29. This fact further 
reinforces the need to correctly select the form of locomotion 
in the prescription for exercise in these individuals.

The use of energy substrates also appears to be influenced 
by the form of locomotion. At the speeds investigated, 
walking tended to present systematically higher values 
of R than running, and the difference was significant (p 
<0.05) above the WRTS. Regarding the influence of the 
form of locomotion in fatigue at the end of eight minutes 
of walking, the VO2 exceeded that obtained in the VAT, 
which does not happen during running. These findings also 
stressed the importance of a proper selection of the form 
of locomotion in the exercise prescription, especially in 
programs of 20 to 60 minutes, which are recommended 
to improve the aerobic fitness1.

Therefore, the WRTS detection is a recommended strategy 
to determine limits on walking during a session of aerobic 
exercises, especially for subjects who need more care in the 
control of physiological variables during exercise.

Conclusion 
From a homogenized sample regarding sex, age, 

anthropometric characteristics, aerobic condition and 
experience in working on a treadmill, we found that at the 
speed of 0.5 km/h above the WRTS, the local and general 
perceptions of effort and the responses of HR, VO2, VE, 
VCO2 and R showed higher values during walking than 
during running, demonstrating the influence of the form 
of locomotion as an indicator of relative intensity of effort, 
use of energy substrate and tolerance to fatigue. At the 
WRTS, or at a speed of 0.5 km/h below the WRTS, the 
form of locomotion did not induce significant differences 
on the assessed cardiorespiratory variables and in the 
perception of effort. These data reinforce the importance of 
selecting the appropriate form of locomotion in the aerobic 
exercise prescription. However, due to the relatively short 
time span to monitor the investigated speeds, it was not 
possible to accurately extrapolate our findings to exercise 
sessions that exceed 30 minutes, which are designed to 
increase cardiorespiratory fitness. Future studies should 
be conducted with longer follow-up of variables, to further 
determine the influence of the form of locomotion on 
aerobic exercise prescriptions to non-athletes. 
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