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Abstract 
This study examined the effects of poles when walking on the 
rate of perceived exertion (RPE), physiological and kinematics 
parameters, and upon the mean ratio between locomotor and 
respiratory rhythms. Twelve healthy male and female volun-
teers, aged 22 to 49 years old, completed on a motorized tread-
mill in a counterbalanced randomized order 12 walking trials for 
10 min at an individually preferred walking speed, with three 
grades (horizontal level, uphill or downhill with a slope of 
15%), with and without hiking poles and a load carriage of 15% 
of body mass. During all testing sessions, heart rate (HR), oxy-
gen consumption (V

．
O2), ventilation (V

．
E), tidal volume (VT), 

breathing frequency (Bf), and stride frequency were recorded 
continuously during the last 5-min of each trial. At the end of 
each trial, subjects were asked to give RPE. Energy cost (EC) 
and V

．
E increased significantly with the grade (-15% < 0% < 

+15%) and with the carrying load. VT was significantly less 
important with hiking poles, while Bf was significantly more 
elevated. V

．
O2 and EC increased (p < 0.05) with the use of the 

hiking poles only during the downhill trials. No significant 
effect of poles was observed on HR, RPE, and preferred walking 
speed. The average ratio between the locomotor and respiratory 
frequencies was significantly influenced by the three experimen-
tal factors tested. There was a significant relationship between 
average ratio of leg movement per breath and EC of walking 
among all conditions (r = 0.83, n = 12). These results suggest 
that the use of the hiking poles had a significant influence on the 
respiratory and energetic responses only during downhill walk-
ing. 
 
Key words: Energy cost, grades, hiking poles, respiration, 
nordic-walking.  

 
 
Introduction 
 
Since ten years, the use of hiking poles in recreational 
walking is becoming increasingly popular, especially 
among elderly. Their use is being justified by reduced 
stress on lower limbs and spine, as well as by increased 
balance, ease of walking, reduced fatigue and additional 
exercising of the shoulders and arms musculature (Blake 
and Fergusson, 1993; Bohne and Abendroth-Smith, 2007; 
Schwameder et al., 1999). In spite of the importance of 
these factors, some questions regarding the use and effect 
of hiking poles remain. 

The questions like, when to use hiking poles, do 
they affect the energy expenditure of walking, are still 
being unknown. Significant higher values for oxygen 
uptake (V

．
O2) were measured at 6.5 and 7.2 km·h-1 with 8 

and  7%  incline,  respectively  for  Nordic  walking  com- 
 

pared to walking without poles (Schiffer et al., 2006). In 
the same way, Rodgers et al. (1995) reported that hiking 
poles significantly increased V

．
O2 by 3 ml·min-1·kg-1 as 

well as heart rate (HR) by 11 beats.min-1 and overall en-
ergy consumption (in kcals) by some 20 % in comparison 
with walking at the same speed (6-7.5 km·h-1) without 
poles on a treadmill at 0% grade. Surprisingly, the effort 
required for the two forms of walking was perceived to be 
about the same (Rodgers et al., 1995; Jacobson et al., 
2000). In contrast, Jacobson et al. (2000) reported that 
hiking poles during inclined walking with a 15 kg load 
carriage does not alter the associated energy cost (EC) 
despite the added weight. Differences between the three 
aforementioned studies may be attributed to the contrast 
in arm swing (vigorous vs. smooth), load carriage (with-
out vs. with a load of 15 kg), and treadmill incline (0% vs. 
10-25%). As suggested by Jacobson et al. (2000), it is 
likely that amplified arm swing while using hiking poles 
increases energy expenditure when contrasts with a natu-
ral and smooth arm action. To date, we do not know 
whether the degree of exertion while walking with hiking 
poles change for different grades (uphill, downhill, and 
level terrain) at preferential walking speed with a load 
carriage (i.e., typical conditions that we can observe dur-
ing outdoor recreation). In the study of Jacobson et al. 
(2000), testing sessions were performed during a progres-
sive and continuous treadmill protocol with short periods 
(1 or 2 min) for each grade condition (from +10 to 25% 
grades). Moreover, all subjects completed trials of tread-
mill walking at the same speed (Jacobson et al., 2000; 
Rodgers et al., 1995) and with the same load (15 kg in 
Jacobson et al., 2000). Under field conditions, individuals 
walk usually at their preferred walking speed, also called 
comfortable gait speed. There is evidence to suggest that 
an individual’s preferred walking speed is at or near his or 
her most economical speed (Pearce et al., 1983). Thus, the 
possibility exists that the reason for concluding that the 
energy expenditure is affected by hiking poles, may be 
caused by the imposed walking speed. At faster walking 
speeds, the increased pumping action of the arms, which 
is necessary to achieve and maintain some unaccustomed 
speeds, affects EC. 

Given the range of speeds, grades, and protocols 
used by previous investigators, the objective of this re-
search was to obtain comparative data for metabolic, 
cardiac and ventilatory variables, stride rate, and rating of 
perceived exertion (RPE) for people walking at a constant 
self-selected speed for different grades. It was hypothe-
sized that the exertion of walking with hiking poles would 
not differ from that of walking without poles at preferred  
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                               Table 1. Main characteristics of the subjects. 
Subject Age (yrs) Gender BMI (kg·m-²) Weight (kg) Height (m) 

1 23 F 19.2 47.3 1.57 
2 22 F 19.6 52.2 1.63 
3 49 F 23.7 70.2 1.72 
4 23 F 21.0 56.6 1.64 
5 25 M 20.7 74.7 1.90 
6 24 M 20.7 59.3 1.69 
7 44 M 18.0 57.2 1.78 
8 24 F 18.0 49.2 1.65 
9 25 F 20.8 58.8 1.68 

10 30 M 22.3 70.8 1.78 
11 26 M 31.5 102.0 1.80 
12 26 F 20.8 52 1.58 

Mean 28.4 7 F 21.4 62.5 1.70 
± SD 8.8 5 M 3.6 15.2 .10 

                                    M: male, F: female, BMI: body mass index. 
 

walking speed for different grades. 
Transition from rest to dynamic movement is char-

acterized by a breathing pattern which is energetically 
optimum for the given ventilatory demand. It has been 
suggested that respiratory frequency in humans is de-
pendant on limb movement frequency (Bechbache and 
Duffin, 1977; Rassler and Kohl, 1996; Siegmund et al., 
1999). During walking, individuals move their arms con-
tralaterally with the legs, and the breathing pattern ac-
companying such dynamic arm exercises may be compli-
cated by phasic impulses from the working limbs. The 
arm action plus upper body motion with hiking poles 
according to the grade may influence the breathing pattern 
of walkers and the subsequent effect on EC. The second 
purpose of this study was to examine the influence of 
average ratio of leg movement per breath on EC of walk-
ing. It was hypothesized that using the poles would result 
in a shift in the relationship between EC and the average 
ratio of leg movement per breath. 

  
Methods 
 
Subjects 
Five male and seven female subjects between the ages of 
22 and 49 years (Table 1) volunteered for this study. Sub-
jects filled out a health history questionnaire and signed a 
consent form. Subjects were verbally informed about the 
experimental protocol and applied methods, but not on the 
purpose of the study. Subjects were instructed on the use 
of hiking poles on a treadmill with different walking 
speeds and grades before participating in any testing. 
Practice sessions were held two times per week, totaling 
at least 30-min trials. The subjects were all healthy and 
practiced regularly Nordic walking for leisure. The study 
procedures complied with the Declaration of Helsinki for 
human experimentation and were approved by the local 
ethics committee. 
 
Experimental protocol 
Each of the 12 subjects performed the 3 x 2 x 2 (grades x 
poles x load carriage) different exercise trials (on two 
different days separated by at least 48 h) in a counterbal-
anced randomized order at an individually preferred walk-
ing speed (PS). Subjects walked on a motor driven tread-
mill (S2500, HEF Techmachine, Andrézieux Bouthéon, 

France) at grades of 0, ±15%, carrying or not a backpack 
loaded to 15% body mass, and with and without hiking 
poles. 

Each exercise trial was fixed to 10 min, where the 
first 5-min was devoted to warm-up, accommodation, and 
selection of PS. The last 5-min was dedicated to data 
collection period when the subject was at the self-selected 
PS for a given condition. On completing each 10-min trial 
(6 repetitions in one day), subjects were disconnected 
from the metabolic system, after which they rested to 
allow their HR to come within 5 beats·min-1 of resting 
values. At the end of each trial, subjects were asked to 
perceive their rate of exertion (RPE) on the 6-20 graded 
scale proposed by Borg (1982). 

The PS (in km·h-1) was determined for each condi-
tion in all subjects according to the method proposed by 
Martin et al. (1992). First, starting with the treadmill 
speed at 1.5 km·h-1, walking speed was slowly increased 
until the individual subjectively identified his or her pre-
ferred walking speed. This speed was then maintained for 
1 min, after which the subject was again asked to evaluate 
the speed. Speed adjustments were subsequently made 
according to subject directive. Then, this procedure was 
repeated except that the treadmill speed was started from 
8.0 km·h-1 and gradually reduced. The preferred walking 
speed was finally determined as the average of the two 
subjective estimates of speed (within 0.4 km·h-1) with the 
instructions to find a comfortable walking pace. 

The load of 15% of body mass was placed in a 
commercially made backpack (Salomon, Inc.) equipped 
with adjustable sternum strap, hip belt, and load lifters. 
Traditional hiking poles (model Tibet antishock, 
McKinley, Italy, mass of 325 g each pole) were individu-
ally fit for each subject with adjustable, telescopic sec-
tions and wrist straps by taking into account the elbow 
joint angle at plant (i.e., 90° while the pole was held in a 
vertical position and in contact with the ground).  
 
Materials  
Gas exchange and ventilatory parameters were collected 
breath-by-breath during all trials by means of a portable 
(mass of 450 g) metabolic system (Cosmed K4b², Rome, 
Italy). HR was monitored continuously using a wireless 
HR monitor (Polar, Kempele, Finland), and was synchro-
nized  to  ventilatory  and  gas signals. Gas analyzers were  
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Figure 1. Mean values (± SD, n = 11) in energy cost (EC) measured during different grade condi-
tions with and without hiking poles. * p < 0.05.  

 
calibrated  before each test with ambient air (O2: 20.93 % 
and CO2: 0.03 %) and a gas mixture of known composi-
tion (O2: 16.00 % and CO2: 5.00 %). The facemask was 
equipped with a low-resistance, bidirectional digital tur-
bine (28-mm diameter) that was calibrated before each 
test with a 3-L syringe (Hans Rudolph Inc, Dallas, USA). 
Inspiratory and expiratory flow was measured continu-
ously by a nasal thermistance (SS6L temperature trans-
ducer BSL, Biopac Systems, Inc., Santa Barbara, USA) 
attached just under the nostril of the subject. Finally, a 
mechano-electrical goniometer was fixed on the right 
knee of all subjects in order to record the stride rate dur-
ing walking trials. These two analogical sensors were 
continuously recorded and synchronized at 1000 Hz dur-
ing the last 5 min of each trial by means of the Biopac 
MP30 unit (Biopac Systems, Inc., Santa Barbara, USA).  
 
Analysis 
Ventilatory and gas exchange variables were averaged 
during the last 2-min of each trial after metabolic steady 
state achievement and constant walking pace. Minute 
ventilation (V

．
E, l·min-1), breathing frequency (Bf, cy-

cles·min-1), tidal volume (VT, l), HR (beats·min-1), V
．

O2 
(ml·min-1·kg-1) and respiratory exchange ratio (RER) were 
then determined. In our design, V

．
O2 was representative of 

the total EC. As a result, the aerobic EC (mlO2·kg-1·m-1) 
of walking was calculated as the quotient of steady-state 
V
．

O2 divided by the walking speed. Finally, to evaluate 
the relationship between stride rate and breathing fre-
quency, we estimated the average ratio of locomotor 
movement (stride rate) to breathing frequency (inspiratory 
and expiratory flow) during the last 2 min of each 10-min 
trial.  
 
Statistical analysis 
All data are presented as means ± SD. Significant differ-
ences for grade, load carriage, and hiking poles were 
calculated by analysis of variance with repeated meas-

urements [3 (grade) x 2 (hiking poles) x 2 (load car-
riage)], and were completed with the post-hoc Scheffé 
test. Comparisons were made on the following dependent 
variables: respiratory parameters (V

．
E, VT, Bf, V

．
O2), stride 

frequency, HR, EC, RPE and the mean ratio of stride rate 
per breath. A linear regression was performed to show 
relationship between EC and average ratio of locomotor 
movement to breathing frequency. Significativity level 
was fixed to p < 0.05. The software used was Statistica 
7.1 (Statsoft Inc., Maisons-Alfort, France). 
 
Results 
 
All subjects carried out all experimental conditions. Only 
one recording was not performed with the portable meta-
bolic system due to technical problem. Results are there-
fore presented either for 11 or 12 subjects accordingly. 
There was a significant effect of the grade on PS with a 
rank order as level (4.7 ± 0.6 km·h-1) > downhill (4.5 ± 
0.7 km·h-1) > uphill (4.1 ± 0.6 km·h-1). Post-hoc tests 
indicated that PS was significantly lower during uphill 
compared to downhill and level (p < 0.05). There were 
neither hiking poles nor load carriage effects on PS. 

 
Energy expenditure 
RER values were only influenced significantly by grade. 
Post-hoc tests showed that RER was significantly lower 
(p < 0.05) during level (0.88 ± 0.06) compared with 
downhill (0.92 ± 0.10) and uphill (0.96 ± 0.04) trials. 

V
．

O2 values were significantly higher with carrying 
load [F(1, 10) = 23.5, p < 0.001], with poles [F(1, 10) = 
6.1, p < 0.05] and during uphill [F(2, 20) = 217.1, p < 
0.001]. An interaction effect (poles x grade) was observed 
[F(2, 20) = 16.6, p < 0.001]. Post hoc tests revealed that 
there were no significant differences between trials with 
and without poles during either level or uphill terrain. 
However, V

．
O2 values were significantly higher with the 

use of hiking poles during downhill walking (+19%, p < 

0.00

0.10

0.20

0.30

0.40

0.50

0.60

downhill level uphill

EC
 (m

lO
2.k

g-1
.m

-1
)

Poles
No poles

*



Physiological responses and hiking 

 
 

35

0.05). Results for EC displayed in Figure 1 were the same 
than those for V

．
O2 due to the small differences in PS. 

Values of EC were significantly higher with carrying 
external load [F(1, 10) = 17.1, p < 0.001], with poles 
[F(1, 10) = 5.62, p < 0.05] and during uphill [F(2, 20) = 
296.5, p < 0.001]. As indicated in Figure 1, poles x grade 
interaction showed significantly higher EC values with 
poles during downhill walking (+23%, p < 0.05). As ex-
pected, interaction effect of load x grade showed a sig-
nificantly higher EC with load during uphill walking 
(+13%, p < 0.05). 

HR was significantly higher during uphill com-
pared to level (+36%, p < 0.05) and downhill terrain 
(+52%, p < 0.05), and with carrying external load (+8%, p 
< 0.05) than without. HR was not influenced by the use of 
poles.  
 
Ventilatory variables 
Values of V

．
E were significantly higher with carrying load 

[F(1, 10) = 24.5, p < 0.001] and during uphill [F(2, 20) = 
113.9, p < 0.001]. As displayed in Figure 2, an interaction 
effect between poles x grade was observed [F(2, 20) = 
9.95, p < 0.001]. Post-hoc tests showed that with poles, 
V
．

E was significantly higher (p < 0.05) during downhill 
and level trials. 

Carrying load of 15 % body mass [F(1, 10 = 14.7, 
p < 0.01], the no use of hiking poles [F(1, 10) = 6.3, p < 
0.05], and downhill terrain [F(2, 20) = 264.1, p < 0.001] 
increased VT values. Moreover, VT with carrying load 
was significantly higher with poles by 7% than without; 
this difference disappeared without load carriage. Impor-
tantly, VT was significantly lower by 9 % with poles than 
without during uphill (Figure 2 B).  

Values of Bf were significantly higher during trials 
with poles [F(1, 10) = 22.8, p < 0.001] and with carrying 
load [F(1, 10) = 23.5, p < 0.001]. Using poles induced 
significantly higher Bf values regardless the grade, but 
this difference was only significant during downhill ter-
rain (p < 0.05, Figure 2 C). 

 
Stride rate and mean ratio of frequency of stride per 
breath 
Stride rate was significantly influenced by grade, poles 
and by the interaction effect between grade x poles (p < 
0.001). Stride rate values were lower with hiking poles 
than without (mean values of 0.88 vs. 0.92 Hz, respec-
tively) and increased according to the following rank 
order: uphill < level < downhill. The lowest stride rate 
values occurred with hiking poles during uphill terrain 
(0.80 Hz, p < 0.05). 

The averaged ratio between rhythms of locomotion 
and breathing was increased with compared to without 
carrying load [F(1, 11) = 23.1, p < 0.01)], poles [F(1, 11) 
= 53.1, p < 0.001], and according to the increasing grade 
[F(2, 22) = 26.1, p < 0.001]. An interaction effect be-
tween experimental conditions load x hiking poles x grade 
was observed [F(2, 22) = 3.7, p < 0.05]. There was a 
significant relationship between the average ratio of lo-
comotor movement to breathing frequency and EC of 
walking among all experimental conditions (r = 0.83, n =  

12, SEE = 0.08, p < 0.001, Power of 0.94). Figure 3 was 
generated from the data set to separate walking conditions 
with and without poles. 

 
 

 
 
 

 

 
 

 
 

 
 

 
Figure 2. Mean values (± SD, n = 11) in minute ventilation 
(V
．

E), tidal volume (VT) and breathing frequency (Bf) meas-
ured during different grade conditions with and without 
hiking poles. * p < 0.05.  Change Units on y-axis : VT (l) and Bf 
(cycles.min-1) 
 
Perceived exertion  
The RPE values were significantly higher with the grade 
[F(1, 11) = 68.9, p < 0.001] and the load carriage [F(2, 
22) = 64.8, p < 0.001]. An interaction effect load x grade 
was observed [F(2, 22) = 9.1, p < 0.001] where the influ-
ence  of  the  load  was  more  pronounced  during  uphill 
compared with downhill and level terrain.  There was no 
significant difference in RPE with (10.2 ± 2.3) compared 
to without (9.9 ± 2.6) poles. 
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Figure 3. Relationships between energy cost of walking and average ratio of leg movement by breath when walking 
with (regression equation is Y = 2.16X -0.922, SEE = 0.06, n = 6, r = 0.91, p= 0.01, power of 0.72) and without (regres-
sion equation is Y = 2.67X – 1.051, SEE = 0.05, n = 6, r = 0.96, p = 0.02, power of 0.92) poles.  
Note: there was a shift to the right when using poles in the average ratio for a given grade condition.  

 
Discussion 
 
This study aimed to compare physiological responses 
(V
．

O2, HR, V
．

E, VT and Bf) and RPE during walking exer-
cise trials on different grades (0% and ±15%), carrying or 
not a backpack loaded to 15% body mass, and with and 
without hiking poles. The main results showed that the 
poles influenced significantly the respiratory responses 
(V
．

E and its determinants, VT and Bf) and aerobic EC 
according to the grade.  

As discussed below, the results of the present 
study are more or less in agreement on many points with 
the few studies dealing about influence of hiking poles on 
energy expenditure (Jacobson et al., 2000; Knight et al., 
2000; Porcari et al., 1997; Rodgers et al., 1995; Schiffer et 
al., 2006). Experimental design in these previous studies 
induced a fatigue effect over the tests and imposed a same 
walking speed for all subjects. More important, only the 
rising profile was experimented in these studies, underlin-
ing some original results of the present study on level and 
downhill terrain. In addition, we chose to use a preferen-
tial speed so that the subjects walked at their comfort 
speed for each condition as on field conditions; then EC 
of walking was determined. However, one limitation in 
the present study may come from Nordic walking on a 
treadmill probably not so representative that free walking 
with hiking poles on the field as optimal pole plant with a 
fixed ground contact is impaired by the moving walking 
belt. In the present study, familiarization sessions were 
realized. All the subjects showed a temperate and fluid 
swaying of the upper body, without excessive move-
ments. 

 
Energy expenditure 
In contrast to the results of Knight and Caldwell (2000) 
that noted an 5.6% increase in HR, our study did not re-
veal some influence of using walking poles on HR cor-
roborating nevertheless the results of Jacobson et al. 
(2000). Further, poles had no effect on HR in the present 
study regardless the grade. This is in disagreement with 
Rodgers et al. (1995) but in line with the recent studies of 
Jacobson et al. (2000) and Schiffer et al. (2006). In this 
study, HR significantly increased only during the most 
constraining experimental conditions , i.e. with carrying 
load during uphill. The pattern of response of HR, consid-
ered as an indirect index of energy expenditure more 
easily quantifiable on the field, is however well different 
of V

．
O2.  

Energy expenditure as estimated by V
．

O2 and EC 
for similar PS was influenced significantly by using poles 
only in downhill trials (Figure 1.). The current data sug-
gest that when the hiking poles are used without excessive 
movements, no additional energy expenditure occurs 
during uphill (Jacobson et al., 2000; Knight and Caldwell, 
2000; present study) and level ground (present study) 
despite the added weight of the hiking poles (mass of 325 
grams x 2). On motorized treadmill, as noticed by Jacob-
son et al. (2000), the ground-pole contacts are likely less 
important that on trails, suggesting a less use of the poles 
at the time of the propulsion. Another factor may be re-
lated to subjects’ walking speed in each study. The self-
selected speeds by our subjects for all grades regardless 
the use of poles were less (~1 to 2 km.h-1) than those in 
the aforementioned studies. However the greatest differ-
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ence in EC between the pole and no-pole conditions oc-
curs at the slowest walking speeds (Porcari et al. 1997). 
Finally, the unexpected result in downhill (higher EC with 
poles) deserves further studies but may be due to some 
ventilatory responses related to mechanics of downhill 
walking. 

 
Ventilatory response patterns 
Concerning the respiratory variables, we observed a 
crossed effect of the hiking poles x grade on V

．
E. During 

level and uphill, there were no significant differences 
between the conditions with and without hiking poles 
(Figure 2). However, V

．
E was significantly higher with 

poles during downhill. This result should be compared 
narrowly with those of V

．
O2 and EC. Among the deter-

mining parameters of V
．

E, Bf and VT presented opposite 
responses. For all conditions, Bf was significantly higher 
with poles than without. More specifically, interaction 
analysis (poles x grade) showed that Bf was higher only 
during downhill, while VT was unchanged. We conclude 
therefore that the use of hiking poles during downhill 
walking induces an increased Bf resulting in an increased 
V
．

E (unchanged VT), and subsequent increase in V
．

O2 and 
EC. Rassler and Kohl (1996) had already observed that 
the major changes in V

．
E during several walking condi-

tions were explained primarily by Bf and not by VT re-
sponses. The increase in Bf may suggest that the propul-
sive action of the upper body could interact with the con-
trol of the ventilatory rhythm due to the proximity of the 
respiratory and locomotor muscles (Amazeen et al., 2001; 
Fabre et al., 2007). According to different Bf responses 
observed with grade (Figure 2), mechanics of downhill 
walking may be different from the other two walking 
trials.   

 
Stride rate and mean ratio of frequency of stride per 
breath 
Our results showed that the grade, the poles and interac-
tion of both (p < 0.001) significantly influenced the stride 
rate. Stride rate was the lowest with the poles during up-
hill (0.80 Hz, p < 0.05), suggesting that the optimization 
of the energy expenditure (EC was not modified during 
trials with and without the poles) may be linked up to a 
modification of the locomotor rhythm. Stride rate seems 
therefore to determine an optimal energetic speed (Pearce 
et al., 1983), as well as Bf is the main regulating control 
factor for the ventilatory system. The influences of the 
rhythms on the locomotor and respiratory systems during 
human locomotion have been studied extensively (Banzett 
et al., 1992; Bramble and Carrier 1983; Fabre et al., 2007; 
Rassler and Kohl, 1996; Siegmund et al., 1999), and may 
be in favor of a movement economy.  

The average ratio between the locomotor and res-
piratory frequencies estimated on  the last 2 min was sig- 
nificantly influenced by the three experimental factors 
tested in the present study. Our results showed clearly the 
influences of the slope, load carriage and use of poles on 
this ratio. The significant differences between the average 
ratio as a function of the grade (in particular during up-
hill), can be interpreted by the opposite changes in stride 

rate and Bf. Concerning the influence of the hiking poles, 
the proximity of the respiratory and locomotor muscles 
during the walking exercise with poles can explain the 
significantly higher average ratio with poles than without 
(Figure 3). The propulsive forces or the simple grip of the 
poles by the upper body would allow increasing the me-
chanical constraints of the locomotor and respiratory 
muscles (intercostal, abdominal muscles and diaphragm, 
pectoral, etc.). In final, these results show that the adjust-
ment of a frequency to another is changed when we con-
strained the locomotion (e.g. additional poles, grades) and 
we noted accordingly a significant influence of average 
ratio of leg movement per breath on EC of walking (Fig-
ure 3) with and without poles as a function of grade.  

 
Rate of perceived exertion 
Our results did not show significant influence of the use 
of the hiking poles on RPE. As underlined above with 
HR, RPE was significantly increased during uphill and 
with the load carriage. These results are therefore in con-
tradiction with those of Jacobson et al. (2000) and Knight 
and Caldwell (2000) that showed in their respective stud-
ies a significant decrease in RPE with poles. In the study 
of Jacobson et al. (2000), the difference can be explain by 
the fact that the transitions of a slope to another (10, 15, 
20 and 25%) lasted of 1 to 10 min according to the slope, 
and were linked progressively (total time exercise of 15 
min with an absolute additional load of 15 kg). In the 
present study the exercise periods for a given condition 
were of 5 min (with the goal to achieve a steady state) and 
intermittent (minimization of accumulated fatigue). The 
study of Knight and Caldwell (2000) had a similar exer-
cising time period than in the present study (60 min) but 
in a continuous way, and with an additional load of 30% 
of the body mass on a slope of 5°. Fatigue effect was 
therefore totally different among studies. In addition, only 
the effect of poles was tested in Knight and Caldwell 
(2000).  

 
Conclusion 
 
In conclusion, our results show that energy expenditure 
and perceived exertion during uphill and level does not 
change significantly with the use of hiking poles at self-
selected walking speed. Optimize caloric expenditure 
with poles while walking at submaximal self-selected 
speeds was verified in the context of our study during 
uphill and level conditions. Interestingly, downhill walk-
ing induced higher energy expenditure and ventilatory 
responses with than without poles. We proposed that at 
self-selected walking speed, walkers who want to use 
poles during downhill should adapt differently breathing 
and mechanics of locomotion to lower energy expendi-
ture. 
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Key points 
 
• Energetic cost, respiratory responses, stride rate, 

respiratory to cycle rate ratio were significantly in-
fluenced by the use of hiking poles according to the 
grade at self-selected walking speed. 

• Hiking poles induced an increase in respiratory fre-
quency, V

．
E and energetic cost during downhill, 

while little changes were observed during level and 
uphill terrain. 

• The original results obtained in downhill necessitate 
supplementary studies in the field in order to con-
firm these first tendencies on treadmill. 
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