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This study aimed to determine the interactive physiological effect of backpack load carriage and slope during
walking in professional mountain rescuers. Sixteen mountain rescuers walked on a treadmill at 3.6 km/h for 5
min in each combination of three slopes (1%, 10%, 20%) and five backpack loads (0%, 10%, 20%, 30%, and 40%
body weight). Relative heart rate (%HRmax), relative oxygen consumption (%VOzmax), and rating of perceived
exertion (RPE, Borg 1-10 scale) were compared across conditions using two-way ANOVA. Significant differences

in %VO2max, %HRmax, and RPE across slopes and loads were found where burden increased directly with slope
and load (main effect of slope, p < 0.001 for all; main effect of load, p < 0.001 for all). Additionally, significant
slope by load interactions were found for all parameters, indicating an additive effect (p < 0.001 for all).
Mountain rescuers should consider the physiological interaction between slope and load when determining safe

occupational walking capacity.

1. Practitioner summary

The propose of this study was to determine the interactive physio-
logical effect of backpack load carriage and terrain slope during walking
in professional mountain rescuers. Our results indicate that there is
interaction effect between backpack load and slope. Mountain rescuers
should consider the physiological interaction to manage safe occupa-
tional walk.

2. Introduction

Mountain activities and mountain accidents have increased in the
last decades (Ballesteros Pena et al., 2019). Therefore, interventions
from mountain rescue teams have also risen. Since the survival of an
injured person depends very often on the effectiveness of mountain
rescuers (Pietsch et al., 2019), the rescuers have to perform effectively in
difficult terrain and hostile situations (Pietsch et al., 2019; Tomazin
et al., 2012) whilst carrying heavy occupational loads (Godhe et al.,

2020; Drain et al., 2016). The combination of natural environmental
hazards and complex job tasks can directly influence the success of the
rescue effort as well as compromise the rescuers’ safety (Carlton and
Orr, 2014). In many cases, rescue teams need to move quickly without
any vehicle or aircraft support (Callender et al., 2012), thus emphasizing
the importance of their fitness level to carry heavy loads efficiently on
challenging and often steep terrain.

Several factors influence the occupational burden of rescue efforts.
One is the backpack load that needs to be carried, which may include
medical equipment for attending to patients, protection equipment to
overcome natural obstacles, or equipment to aid in navigating difficult
terrain during adverse weather conditions. Some studies have analyzed
the effects of backpack carriage on physiological and psychophysical
variables (Pandoff et al., 1977; Drain et al., 2017; Quesada et al., 2000;
Huang and Kuo, 2014; Holewijn, 1990; Beekley et al., 2007; Simpson
et al., 2011b; Godhe et al., 2020; Gordon et al., 1983; Pimental and
Pandolf, 1979). Simpson et al. (2011b) reported significantly increased
heart rate (HR) and rating of perceived exertion (RPE, Borg 1-10) when
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participants carried 20%, 30%, and 40% body weight (BW) compared to
0% BW (AHR: 7.4%; RPE: 1.6; AHR: 6.5%; RPE: 1.5; AHR: 8.3%; RPE:
3.5, respectively). Moreover, the authors observed significant differ-
ences in RPE between 20% and 30% BW as well as between 30% and
40% of BW loads. Furthermore, Gordon et al. (1983) demonstrated that
RPE, VO5 and HR had a significant correlation with added load (0%,
20%, 30%, 40, 50% of BW%).

According to the rescue crew participants some rescue last longer
than 4h. Knowing the limits of backpack weight and the effects can help
to rescue operations. Recent literature suggests that backpack loads for
hiking and mountain walking carried should not exceed 30% of BW
(Simpson et al., 2011a; Haisman, 1988; Chatterjee et al., 2017; Nag
et al., 1978), because this weight might induce a relative intensity be-
tween 35% and 40% of VOsmax (Nag et al., 1978; Haisman, 1988;
Chatterjee et al., 2017) and be hard to sustain for periods longer than
4-8 h (Wu and Wang, 2001).

Prior research suggests that VO, increases over time when initial
work intensity elevates above 50% of VO;max while carrying a back-
pack load (Epstein et al., 1988). Epstein et al. (1988) showed that oxy-
gen consumption (VO5) remained constant at 45.5% VOymax after 120
min of walking with 37% BW load. However, oxygen consumption
increased from 52.3% VOsmax to 65.2% VOsmax at the end of 120 min
of walking while carrying 59% BW load.

Walking surface conditions can also influence human walking en-
ergetic demands (Richmond et al., 2015) and, in particular, the slope of
the walking surface has been shown to have a direct effect on RPE, VO,
and HR (Sagiv et al., 2000; Crowder et al., 2007; Pellegrini et al., 2015;
Hinde et al., 2017; Pal et al., 2014; Minetti et al., 2002). Pellegrini et al.
(2015) observed that VO3 has a significant two-fold increase when
walking at 15% slope compared to 0% slope (3.85 + 0.42 METs versus
9.18 + 1.08 METs, p < 0.05). Hinde et al. (2017) also found that when
walking at 4 km/h with 10% slope, VO, increased by 66% compared to
0% slope. It has also been found that HR significantly increases (p <
0.05) between 0%, 5%, and 10% slope with no load (Sagiv et al., 2000).

Previous literature has demonstrated that walking on a steeper slope
or carrying heavy loads results in greater physiological stress and
perceived exertion. In addition, as Pimental and Pandolf (1979) sug-
gested, additive or interaction effects between slope and load carried
may exist. It may be practically important when considering the
real-world effects on mountain rescuers. It may be that changes to slope
in the environment could modify an individual’s capacity to carry
varying loads and thus affect occupational performance; however, this
has not been explored widely. Hinde et al. (2017) found an interaction
effect on VO2 between slope and load but the author only analyzed two
loads (without load and 18.5 kg) and two slopes (0% and 10%). Abe
et al. (2008) also reported an interaction effect but they only analyzed
with 15% of BW.

Additionally, the worker’s level of experience with occupational load
transport may play an important role in the physiological response to
load carrying (Godhe et al., 2020), the experience using a backpack can
help to have good mechanical efficiency (Liew et al., 2016). It should be
considered that the success of emergency operations is often dependent
on rescuer physical performance (Sumann et al., 2020). Especially when
considering the duration, typology of task, and occupational loads spe-
cific to mountain rescuers, the questions regarding the additive impact
of load carriage and slope on physiological and perceptual responses
remain unanswered.

Thus, the aim of this study was to determine the effect of the back-
pack load carriage and walking slope on physiological responses as well
as perceived effort in professional mountain rescuers. Therefore, we
hypothesized that 1) interaction effects between backpack loads and
slopes during walking are expected and are likely to be additive with
increasing load and slope and 2) the physiological strain could be severe
(>60% VO, max) due to the additive effects of backpack load and slope.
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3. Methods
3.1. Participants

Sixteen males of the Basque Country Professional Mountain Rescue
Team (Table 1) participated in the present study. Inclusion criteria were
that participants were professional mountain rescuers with no reported
health problems or physical injuries. This research was approved by the
Ethics Committee for Research on Human Subjects at the University of
the Basque Country (CEISH/GIEB) (Ref. 107/2018), and all the partic-
ipants provided informed consent before starting their participation.

3.2. Procedure

Participants were tested on three different days. The day before
measurements, participants were asked to abstain from performing any
vigorous physical activity. Participants were also asked to not intake any
solids nor liquids 2 h prior to the testing session. Laboratory tests were
performed under stable conditions (temperature = 20C° —26C°, relative
humidity 45%-55%, and at 539 m above sea level). On the first day,
participants completed anthropometric measurements and a maximal
incremental running test (MIRT). After resting for 72 h without mod-
erate or vigorous physical activity, on days 2 and 3, the load carriage test
(LCT) was conducted. Between day 2 and 3 the participants rested for 48
h. During this time rescuers did not perform moderate or vigorous
physical activity.

3.2.1. Preliminary trial

Anthropometry was measured following instructions and general
fundamentals of bioimpedance analysis (Khalil et al., 2014). For body
mass, the Tanita bioimpedance scale model was used (Tanita, BF-350,
Tanita Corp., Tokyo) and for height, the Seca tallimeter (Hamburg,
Germany).

The MIRT was performed on a treadmill (ERGelek EG2, Vitoria-
Gasteiz, Spain) at 1% slope. After a 7-min warm-up, participants star-
ted the test at 8 km/h, and thereafter the speed was increased by 1 km/h
every 3 min until volitional exhaustion. A 1-min pause was included
between stages (Bentley et al., 2007). All the participants wore t-shirt,
shorts, and sports shoes. VOamax and HRmax were determined during
an incremental test.

3.2.2. Load carriage test (LCT)

On days 2 and 3, each participant completed the LCT which consisted
of walking at a constant speed (3.6 km/h) for 5 min (Pandoff et al., 1977;
Gomenuka et al., 2016) on the treadmill (ERGelek EG2, Vitoria-Gasteiz,
Spain) while carrying different backpack loads (0%, 10%, 20%, 30%,
and 40% of each participant’s BW) at three different slopes (1%, 10%,
and 20%). Loads were individualized to measure metabolic cost with the
same fixed proportion within each individual (Taylor et al., 2016).

Subjects walked for 5 min (Lyons et al., 2005) and rested for 3 min
between stages of each combination of load and slope. The testing order
of the slopes and loads were the same for all participants. The test with a
fixed backpack load was performed across all slopes. Next, another
backpack load was tested across all slopes and so on. The slope and load
order were the lowest to the highest. Rescuers did the first 8

Table 1
Characteristics of mountain rescuers.
Mean SD Range

Age (years) 44.2 5.9 33.0-55.0
Height (cm) 176.3 5 167.5-185.9
Weight (kg) 75.3 7.4 65.2-90.4
BMI (kg/m?) 25.5 2.1 24-27
VO2max (ml/kg/min) 53.4 5.4 44.2-63.8
HRmax (beats/min) 181.7 111 168.0-208.3
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combinations of the LCT test on the first day and the remaining 7
combinations of the LCT on the second day. The mass of the load was
made up of sandbags which were added into the same brand backpack
for each participant (Sherpa, Altus, Zaragoza, Spain). In order to reduce
the known effect of the mass position (Taylor et al., 2016), sandbags
were always put in the same location in the backpack, directly in the
bottom. To reduce the risk of injury and increase comfort, all partici-
pants used the backpack hip belt (Knapik et al., 2004; Lafiandra and
Harman, 2004). Participants were not allowed to use any external help
(e.g., holding onto the treadmill handrails) during testing and wore the
same clothes across all tests.

3.3. Measurements

Volume of oxygen consumed (VO, ml/kg/min) was measured
continuously in both the MIRT and LCT using the Ergocard breath-by-
breath gas analyzer (Ergocard, Medisoft, Sorinnes, Belgium). Before
each test, the gas analysis system was calibrated for gas volume and
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concentration with reference gasses using a 1L syringe (nSpire Koko,
nSpire Health Inc., Longmont, CO, USA). The VO, was normalized to
each participant’s body mass without any extra load (ml/kg/min) and
then reported as percent of each participant’s maximal oxygen con-
sumption (%VOymax). The VO3 max values were obtained during MIRT
and was considered maximal when three of the following criteria were
reached: (1) Respiratory Exchange Ratio >1.1, (2) a plateau in VOq, (3)
HR within 5 bpm of theoretical maximal HR (220-age), (4) RPE = 10
(Howley et al., 1995). HR was monitored continuously using a puls-
ometer (Suunto Spartan Sport, Vantaa, Finland) in MIRT test and LCT. In
MIRT, the highest HR value was considered maximal HR. In LCT VOg
and HR were calculated as mean of the last minute at each stage (Austin
et al., 2018). RPE was assessed using the Borg scale (0-10) (Borg, 1982)
at the end of each stage for LCT.

3.4. Statistical analysis

All values are expressed as mean + standard deviation (SD). Data

A Point change in %VO2max from 0% BW at 1% of slope
;\g 20 35.4 445 43.3 53.7 61.9
é_/ 10 15.5 18.5 214 244 30.6
(% 1 0 21 3.6 5 8.9
0 10 20 30 40
Load (% of BW)
Point change 0 20 40 60
B Point change in %HRmax from 0% BW at 1% of slope
§ 20 225 27.8 311 37.6 441
\8/_ 10 10 13.7 171 20.8 26.4
(703 1 0 3.8 6.1 9.8 14.8
0 10 20 30 40
Load (% of BW)
Point change 0 10 20 30 40
c Point change in RPE from 0% BW at 1% of slope
;\; 20 3.1 3.8 3.8 5.7 6.8
g 10 1.2 24 3 3.8 4.6
2B 0 11 1.7 22 3
6 1l0 210 3]0 4I0

Load (% of BW)

Point change 0

2 4 6

Fig. 1. Point changes in %VO,max (A), %HRmax (B) and RPE (C) from 0%BW without slope across all combinations. %BW = percentage of body weight;
RPE = rating of perceived exertion; %VO;max = percentage of maximal volume of oxygen consumption; %HRmax = percentage of maximal heart rate.
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analyses were performed using IBM SPSS statistical version 23 (SPSS,
Inc, Chicago, Illinois). Normality of data was assessed using the Shapiro-
Wilks test. A repeated measures two-way analysis of variance (ANOVA)
test was applied to evaluate the effect of slopes (1%, 10%, and 20%) and
load (0%, 10%, 20%, 30%, and 40% BW) as well as their interaction
effect (slope*load) on %VOs;max, %HRmax, and RPE. Bonferroni
correction was used for post-hoc pair-wise comparisons. The effect size
(ES) of two-way ANOVA effects were calculated using partial eta
squared (npz). ESs of >0.8, between 0.8 and 0.5, between 0.5 and 0.2,
and >0.2 were considered as large, moderate, small, and trivial,
respectively (Cohen, 1988). For all tests, statistical differences were
considered significant when p < 0.05.

4. Results

Fig. 1 displayed the interaction between load and slope and indicate
a potential additive effect on %VOymax, %HRmax, and RPE.

The Interaction effects between load*slope were significant for %
VOomax (p < 0.001; np2 = 0.576). It was observed that %VOzmax
increased with increasing load carriage and slope (Fig. 1A). %VOomax at
40% BW and 1% slope was 1.4 times larger than with no load and at 1%
slope. Additionally, %VOsmax at 40% BW at 10% and 20% of slope were
2.5 times and 4 times larger than at 1% slope, respectively. Also, addi-
tive effects were observed where the rate of increase in %VOzmax pro-
gressively raised as the slope increased. Specifically, the average rate of
change in %VOsmax between load conditions for 1% slope was 2.2
points whereas the average rate of change was 3.8 points and 6.6 points
for the 10% and 20% slope conditions respectively. (Fig. 1A).

The %HRmax showed interaction effects between load*slope (%
HRmax p < 0.001; ES = 0.430). %HRmax was 1.6 times higher in 40%
BW and 10% slope, 2.1 time higher in 40% BW and 10% slope compared
to 0% BW load and 1% slope. In addition, results suggested that there
was an additive effect in % HRmax where the average rate of change in %
HRmax from one load condition to the next was 3.7, 4.1, and 5.4 points
at 1%, 10%, and 20% slopes respectively. (Fig. 1B).

The last variable, RPE, represented interaction effects between
load*slope (RPE p < 0.001; np2 = 0.330). The measurements were 6.8
points higher in the 40% BW and 20% slope condition compared to 0%
load and 1% slope (Fig. 1C). Also, there was an additive effect for RPE
where it appears that the rate of increase between load conditions was
higher in the high slope conditions than the lower. Specifically, the
average rate of increase in RPE at 1% slope was 0.75 points for every
increase in load condition while the rate of increase for 10% and 20%
slopes was 0.85 and 0.93 points respectively (Fig. 1C).

Table 2, 3 and 4 displayed a main effect of each backpack load and
each slope in each variable. The oxygen consumption (Table 2), heart
rate(Table 3) and rating of perceived exertion (Table 3) increased with
each incremental addition of load and slope. The results of the two-way
ANOVA showed significant differences between load (%VOzmax p <
0.001; np2 = 0.880; %HRmax p < 0.001; np2 = 0.906; RPE p < 0.001;

Table 2
Effects of different backpack loads on oxygen consumption.
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np2 = 0.879) and slope (%VOzmax; P < 0.001; np2 = 0.980; %HRmax p
< 0.001; np2 = 0.978; RPE p < 0.001; np2 = 0.953). The post-hoc pair-
wise comparisons between load at each slope is shown in Tables 2-4.
The physiological variables and RPE showed significant increases with
+10% BW load increases between 0% and 40% BW at 1%, 10%, and
20% slopes. For all three slopes, it was observed that RPE, %VOsmax,
and %HRmax had significant differences (p < 0.05) between 10% BW
compared to the unloaded (0% BW) conditions. It was observed that
significant differences in %VOymax started from 20% BW at 10% of
slope (Table 2) in comparison with no load. As for the differences be-
tween slopes, the results showed that all variables were significantly
different across the three slopes at all loads (p < 0.05 for all).

5. Discussion

This is the first study which analyzed the interactive influence of
various backpack loads and slopes during walking in professional
mountain rescuers. From a practical point of view, information that
clarifies this interactive influence specifically in mountain rescuers
could contribute to the success of complex emergency rescue procedures
in that occupational tasks may require a combination of load carriage
and varying terrain. To disentangle this research gap, we compared
physiological and perceived exertion responses across various load and
slope conditions.

Overall, we observed a direct association between %VOsmax, %
HRmax, and RPE with backpack load and walking slope, which is un-
surprising given previous research showing similar direct effects for load
(Sagiv et al., 2000; Crowder et al., 2007; Pellegrini et al., 2015; Hinde
et al., 2017; Pal et al., 2014; Minetti et al., 2002) and slope (Pandoff
et al., 1977; Drain et al., 2017; Quesada et al., 2000; Huang and Kuo,
2014; Holewijn, 1990; Beekley et al., 2007; Simpson et al., 2011b;
Godhe et al., 2020). However, adding to the previous literature, we
observed significant interaction effects between load and slope condi-
tions across all three variables measured (%VOsmax, %HRmax, and
RPE).

At 1% slope, when participants carried loads between 0% BW and
40% BW, we observed that %VOsmax increased from 20 + 2.4% to 28.9
+ 5.9% (p < 0.05). The %VO,max results measured in our participants
were similar to those reported by Godhe et al. (2020), where both
experienced and unexperienced volunteers took part in the study. In this
study, work rates were 22 + 3% and 26 + 3% of VOymax while par-
ticipants carried backpack loads of approximately 20% BW and 40%
BW, respectively, while walking at 3 km/h without slope. Likewise,
Quesada et al. (2000) observed that VO, raised from 30% of VOopax
without load to 41% of VOsmax when 12 military soldiers walked at 6
km/h speed with 30% BW load on 0% slope. Additionally, Pandoff et al.
(1977), Gordon et al. (1983) and Drain et al. (2017) found a positive
relationship between backpack load and VO,. Another study has shown
a positive linear relationship (p < 0.001; R? = 0.83) between backpack
load and rate of metabolic energy expenditure, where metabolic power

Oxygen consumption

ml/kg/min %VO,max

% of BW % of BW

0% 10% 20% 30% 40% 0% 10% 20% 30% 40%

Slope 1% 10.6 11.7 12.5 13.2 15.2 20.0 22.1 23.5 25.0 28.9

+1.2 +1.7 +2.1 +1.2 +2.3 +2.4 +3.3* +4.3* +4.1% +5.9%pwe
10% 18.8 20.4 21.9 23.5 26.8 35.5 38.5 41.4 44.3 50.6

+2.6 +2.8 +2.9 +2.4 +3.1 +5.8 +6.4 +7.1% +6.1%3 +7. 2%y
20% 29.3 34.1 33.6 39.1 43.5 55.3 64.4 63.3 73.6 81.8

+2.4 +2.7 +2.0 +3.3 +3.2 +6.6 +9.1* +6.3* +8.0% v 7. 1%ge

Note: Values mean + SD; %BW = percentage of body weight; %VO,max = percentage of maximal volume of oxygen consumption; Significance <0.05 indicate *
(comparison with 0%BW), * (comparison with 10%BW), ¥ (comparison with 20%BW), * (comparison with 30%BW).
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Table 3
Effects of different backpack loads on heart rate.
Heart rate
Beats/min %HRmax
% of BW % of BW
0% 10% 20% 30% 40% 0% 10% 20% 30% 40%
Slope 1% 72.4 79.1 83.6 90.1 99.3 39.9 43.6 45.9 49.7 54.7
+4.9 +7.0 +7.9 +9.1 +11.9 +3.2 +3.8% +3.9%% +4.8%%7 +5,2¢Fve
10% 90.2 97.5 103.5 109.9 120.5 49.9 53.6 56.9 60.7 66.3
+5.9 +7.8% +10.1*% +10.1*%Y +15.5+F7* +3.7 +4,3* +5,2% +5.2+%7 +7.4%Fv%
20% 113.1 123.0 128.4 140.5 152.1 62.4 67.7 70.9 77.5 83.9
+8.6 +10.4 +11.1 +13.9 +15.9 +5.0 +5.9% +6.8*% +7.1%%Y 8.2x V%

Note: Values mean + SD; %BW = percentage of body weight; %HRmax = percentage of maximal heart rate; Significance <0.05 indicate * (comparison with 0%BW), *
(comparison with 10%BW), ¥ (comparison with 20%BW), * (comparison with 30%BW).

Table 4
Effects of different backpack loads on rating of perceived exertion.
RPE
Borg (0-10)
%BW
0% 10% 20% 30% 40%
Slope 1% 1.8 3.0 3.6 4.4 5.1
+0.8 +0.9* +1.0%% +1.0%*Y +1.2¢Fv%
10% 1.8 3.0 3.6 4.4 5.1
+0.8 +0.9% +1.0%% +1.0¢*Y +1.2xF7%
20% 3.7 4.3 4.4 6.3 7.3
+0.7 +0.9* +1.0* +1.1%%Y +1.3+F7%

Note: Values mean + SD; %BW = percentage of body weight; RPE = rating of
perceived exertion; Significance <0.05 indicate * (comparison with 0%BW), *
(comparison with 10%BW), ¥ (comparison with 20%BW), * (comparison with
30%BW).

increased by 7.62 W for each additional 1 kg added to the backpack load
(Huang and Kuo, 2014). At 10% slope, the current study observed that
the physiological burden was higher in 40% BW loads compared to 0%
BW (0% BW: %VOsmax = 35.5 + 5.8, 40% BW: %VOsmax = 50.6 +
7.2). Additionally, Sagiv et al. (2000) observed that walking at 5 km/h
with 25 kg and 35 kg at 10% slope caused a raise in VO3 (25 kg load,
+90% VOs; 35 kg load, +112% VOy). In the current study, the intensity
was 55.3% VOymax without load at 20% slope and raised to 81.8 %
VO,max with a 40% BW load.

The HR at 1% slope HR raised from 39.9 + 3.2 (without load) to 54.7
+ 5.2 %HRmax (40% of BW)(p < 0.001). A similar result has been
observed where HR increases with added loads (Quesada et al., 2000;
Gordon et al., 1983). At 10% slope, the current study observed that HR
burden was higher in 40% BW loads compared to 0% BW (0% BW: %
HRmax = 49.9 + 3.7; 40% BW: %HRmax = 66.3 + 7.4). One previous
study observed that walking at 5 km/h with 25 kg and 35 kg at 10%
slope caused a raise in HR (25 kg load, +23% HR; 35 kg load, +38% HR)
(Sagiv et al., 2000). Moreover, HR increased from 62.4%(without load)
to 83.9% of HRmax (40% of BW) when walking at 20% of slope.

When considering RPE, the results showed that increases in RPE
were not more than 3.6 even when participants carried 40% BW
compared to 0% BW when walking without slope. At 10% of slope, there
was also an increase in RPE across load conditions that reached “heavy”
at 40% BW. Also, RPE reached “strong” at 40% of BW in the steepest
slope. In a similar study, RPE increased incrementally with added load.
Simpson et al. (2011b) compared different loads (0%, 20%, 30%, and
40% BW) and found significant differences in RPE between all loads at
0% slope. Also, Gordon et al. (1983) showed that RPE had a significant
correlation with the added load when walking.

In our research, we found that successive increases of 10% slope
increases physiological variables and RPE, independently of the back-
pack load (i.e., 0%, 10%, 20%, 30%, and 40% BW). These results are
consistent with findings from previous studies (Sagiv et al., 2000;

Crowder et al., 2007; Pellegrini et al., 2015; Hinde et al., 2017; Pal et al.,
2014). Crowder et al. (2007) observed a similarly significant raise of HR
and VO (p < 0.05) across conditions when participants walked at 6
km/h on different slopes (0%, 5%, and 10%) with approximately 30%
BW load. Moreover, Pellegrini et al. (2015) observed that V 04 increased
two-fold (15 vs. 30 ml/kg/min) when changed from walking at 4 km/h
at 0% slope to 15% slope.

These increases in physiological demands when walking at increased
slopes might be due to a decrease in mechanical walking efficiency, by
affecting the kinetic and gravitational potential energy exchanged
(Ludlow and Weyand, 2017). As a result, there is poor walking economy
when slope increases, as previously studied (Ludlow and Weyand,
2017). For instance, walking at 9% slope caused a 63% decrease in
walking economy that represented a 1.77 J/kg/step increase in energy
expenditure (Gottschall and Kram, 2006). Nevertheless, positive slopes
affect walking mechanics in a way that changes hip, knee, and ankle
extension and associated muscle activation compared to walking on flat
terrain (Franz and Kram, 2012).

In order to simulate real-world scenarios that likely have dynamic
slope and load conditions, analyzing the interaction between slope and
backpack load is considered of paramount importance. We observed
significant interactions between slope*load on %VOsmax, %HRmax,
and RPE. Furthermore, an additive effect was observed in the interaction
where the increase in burden from increasing slope may be further
aggerated by higher loads and vice versa. The results from the present
study are also in agreement with previous findings (Abe et al., 2008; Abe
et al., 2008; Hinde et al., 2017), where interaction effect was found on
VO, between slope (0% and 10%) and load (without load and 18.5 kg)
walking at 4 km/h. The current study’s findings expand on these pre-
vious findings by using more diverse slope and load conditions as well as
utilizing a sample of professional mountain rescuers. Thus, the result of
this study also supported our first hypothesis showing a significant
interaction effect between backpack loads and slope.

The results for 1% slope suggest that the effect of backpack loads at
10% slope may be more impactful on work performance than at 1%
slope due to the greater influence in physiological and perceptive stress.
Epstein et al. (1988) recommended not exceeding 50% VOsmax to
maintain stable oxygen consumption; however, in long-duration tasks
(4-8 h), other researchers recommended that work rate should be
maintained below 43.5% and 34% VOsmax, respectively (Wu and
Wang, 2001). When considering our results within the context of these
recommendations, at 10% slope it would not be advisable to carry more
than 30% of BW to maintain stable oxygen consumption (<50%
VOymax) across long-duration work tasks.

According to our results, time to exhaustion would be limited to less
than 4 h when walking at 20% slope with 40% BW because the initial
work intensity is well above 50% VOsmax (Epstein et al., 1988). It is
known that above to 60% VO5 max intensity, starting different physio-
logical events has the potential for severe consequences (e.g. Hydrogen
ions accumulation, glycogen depletion). As a result, the events directly
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affect athlete fatigue and compromise effort duration (e.g. 1-3 h dura-
tion time at 60-70% VO, max).

The result of this study supported in part the second hypothesis,
depending on the combination of slope and backpack load the physio-
logical and perceptual strain change from light to heavy.

In summary, during mountain rescue activities, the slopes that res-
cuers are exposed to are unpredictable, highly variable, and often out of
the rescuer’s control. Nevertheless, backpack loads of each rescuer can
be changed via administrative and policy controls that could minimize
total operator fatigue. For this reason, the results of this study suggest
that rescuers not carry more than 20% of BW on the backpack so their
performance would not be compromised when working at any slope
tested within the current study (0%, 10%, or 20%). However, other
factors must also be considered. For example, characteristics of the
rescue activities (speed, duration, terrain, clothing, and weather) could
change the effect of 20% of BW across varying slopes (Haisman, 1988).
Maximal work duration at a given intensity may also be affected by
other factors such as muscle discomfort without being reflected in VO5
(Drain et al., 2016).

6. Limitations

There are several limitations to this research that must be consid-
ered. First, we used a convenience sample of only participants repre-
senting one professional mountain rescue team. This male only sample
population may not be representative of the global mountain rescuer
population, therefore limiting the external validity of this study. Expe-
rience level may also play a role on how these loads and slopes impact
individual physiological responses. Since all participants in this study
were professional mountain rescuers, the results may not apply directly
to new recruits or inexperienced workers. Secondly, to limit potential
participant fatigue, the protocol may have benefited from being divided
across more than two days. While this was not practically feasible in the
current study, future studies should consider this limitation. Addition-
ally, real-world mountain rescuer tasks may be completed in high-
altitude environments, which may significantly impact the physiolog-
ical responses observed. Future research may consider a similar analysis
with the addition of hypoxic or hypobaric conditions. While varying
backpack load placement or distribution was not the focus of this study,
it may significantly impact the balance and stability of the worker and
should be considered in future examinations. The testing order during
the LCT was not randomized as to align with previously described pro-
cedures (Lyons et al., 2005), and the lack of randomization could have
presented bias to the study results. However, according to relative in-
tensity that is shown in the results, only the last three combinations may
have been affected by cumulative fatigue. The results of the last three
combinations may be overestimated. Thus, the findings at 40% of BW
must be taken with caution. It is known that VOomax with a backpack
load (25 kg) may be 2.5% points less than without load (Phillips et al.,
2016). Nevertheless, no studies have been found where the effect of
loads ranging from 1% to 40% of BW was measured. Unfortunately, it
was not practically feasible for us to measure VOymax with each back-
pack load. Lastly, this study was limited by short durations of testing at
each condition (5 min). While these data are useful as a basis to predict
the physiological impact during real-world occupational scenarios,
longer durations of effort as would be seen during rescue efforts may
have a different impact on the workers’ response and therefore should
be studied in the future.

7. Conclusions

This study is unique in analyzing the physiological and perceptual
effects of load carriage as well as slope in professional mountain res-
cuers. The increase in load carried and slope significantly and directly
impacted both physiological and perceived exertion variables during
walking, and subsequently, can be predicted to reduce maximal work
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capacity. Interestingly, significant slope by load interaction effects
revealed a potential additive effect of slope and load that should be
considered in occupational application and load recommendations. To
demonstrate, while walking at 1% of slope without load and with 40%
BW load did not seem to present a meaningful physiological obstacle to
completing rescuer worker activities for long durations, walking at 10%
and 20% slope when carrying a 40%BW load may present a physiolog-
ical strain that limits work time. Consideration should be given to these
physiological and perceptual implications when developing and imple-
menting administrative policies for load carriage in different environ-
ments for professional mountain rescuers.

Funding

This work was supported by the Basque Government with predoc-
toral grants (Pre_2019_2_0102).

Disclaimer

The findings and conclusions in this report are those of the author(s)
and do not necessarily represent the official position of the National
Institute for Occupational Safety and Health, Centers for Disease Control
and Prevention. Mention of any company or product does not constitute
endorsement by the National Institute for Occupational Safety and
Health, Centers for Disease Control and Prevention.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

The authors would like to thank the Department of Security of the
Basque Government for providing access to professional mountain res-
cuers. Special thanks to “UVR/ZEU” mountain rescuers for their impli-
cation and participation in the study. APJ was supported by a Basque
Government grant (Pre_2019_2_0102). Also, thanks to the Department of
Physical Education and Sport and Faculty of Education and Sport (UPV/
EHU) for supporting and providing facilities to carry out the study.
Moreover, the authors gratefully acknowledge the support of a Spanish
government subproject mixed method approach on performance anal-
ysis (in training and competition) in elite and academy sport [PGC2018-
098742-B-C33] (2019-2021) of the Ministry of Science, Innovation and
Universities (MCIU), the State Research Agency (AEI) and the European
Regional Development Fund (EDRF).

References

Abe, D., Muraki, S., Yasukouchi, A., 2008. Ergonomic effects of load carriage on energy
cost of gradient walking. Appl. Ergon. 39 (2), 144-149. https://doi.org/10.1016/j.
apergo.2007.06.001.

Austin, C.L., Hokanson, J.F., McGinnis, P.M., Patrick, S., 2018. The relationship between
running power and running economy in well-trained distance runners. Sports 6 (4),
142. https://doi.org/10.3390/sports6040142.

Ballesteros Pena, S., Arriba Herrero, M., Artigues, Javares, S, P., Alonso Pinillos, A.,
Ttuarte Azpiazu, I., 2019. Changes in mountain accidents and incidents in the Basque
Country: 1996-2016. Emergencias 31 (2), 141-142. https://www.ncbi.nlm.nih.
gov/pubmed/30963745.

Beekley, M.D., Alt, J., Buckley, C.M., Duffey, M., Crowder, T.A., 2007. Effects of heavy
load carriage during constant-speed, simulated, road marching. Mil. Med. 172 (6),
592-595. https://doi.org/10.7205/milmed.172.6.592.

Bentley, D.J., Newell, J., Bishop, D., 2007. Incremental exercise test design and analysis:
implications for performance diagnostics in endurance athletes. Sports Med. 37 (7),
575-586. https://doi.org/10.2165,/00007256-200737070-00002.

Borg, G.A., 1982. Psychophysical bases of perceived exertion. Med. Sci. Sports Exerc. 14
(5), 377-381. https://www.ncbi.nlm.nih.gov/pubmed/7154893.

Callender, N., Ellerton, J., MacDonald, J.H., 2012. Physiological demands of mountain
rescue work. Emerg. Med. J. 29 (9), 753-757. https://doi.org/10.1136/emermed-
2011-200485.


https://doi.org/10.1016/j.apergo.2007.06.001
https://doi.org/10.1016/j.apergo.2007.06.001
https://doi.org/10.3390/sports6040142
https://www.ncbi.nlm.nih.gov/pubmed/30963745
https://www.ncbi.nlm.nih.gov/pubmed/30963745
https://doi.org/10.7205/milmed.172.6.592
https://doi.org/10.2165/00007256-200737070-00002
https://www.ncbi.nlm.nih.gov/pubmed/7154893
https://doi.org/10.1136/emermed-2011-200485
https://doi.org/10.1136/emermed-2011-200485

A. Pinedo-Jauregi et al.

Carlton, S.D., Orr, R.M., 2014. The impact of occupational load carriage on carrier
mobility: a critical review of the literature. Int. J. Occup. Saf. Ergon. 20 (1), 33-41.
https://doi.org/10.1080/10803548.2014.11077025.

Chatterjee, T., Bhattacharyya, D., Pramanik, A., Pal, M., Majumdar, D., Majumdar, D.,
2017. Soldiers’ load carriage performance in high mountains: a physiological study.
Mil. Med. Res. 4 (6) https://doi.org/10.1186/540779-017-0113-x.

Cohen, J., 1988. Statistical Power Analysis for the Behavioral Sciences, 2 ed. Lawrence
Erlbaum Associates.

Crowder, T.A., Beekley, M.D., Sturdivant, R.X., Johnson, C.A., Lumpkin, A., 2007.
Metabolic effects of soldier performance on a simulated graded road march while
wearing two functionally equivalent military ensembles. Mil. Med. 172 (6),
596-602. https://doi.org/10.7205/MILMED.172.6.596.

Drain, J., Billing, D., Neesham-Smith, D., Aisbett, B., 2016. Predicting physiological
capacity of human load carriage - a review. Appl. Ergon. 52, 85-94. https://doi.org/
10.1016/j.apergo.2015.07.003.

Drain, J.R., Aisbett, B., Lewis, M., Billing, D.C., 2017. The Pandolf equation under-
predicts the metabolic rate of contemporary military load carriage. J. Sci. Med. Sport
20 (Suppl. 4), S104-S108. https://doi.org/10.1016/].jsams.2017.08.009.

Epstein, Y., Rosenblum, J., Burstein, R., Sawka, M.N., 1988. External load can alter the
energy cost of prolonged exercise. Eur. J. Appl. Physiol. Occup. Physiol. 57 (2),
243-247. https://doi.org/10.1007/bf00640670.

Franz, J.R., Kram, R., 2012. The effects of grade and speed on leg muscle activations
during walking. Gait Posture 35 (1), 143-147. https://doi.org/10.1016/j.
gaitpost.2011.08.025.

Godhe, M., Helge, T., Mattsson, C.M., Ekblom, 0., Ekblom, B., 2020. Physiological
factors of importance for load carriage in experienced and inexperienced men and
women. Mil. Med. https://doi.org/10.1093/milmed/usaa050.

Gomenuka, N.A., Bona, R.L., da Rosa, R.G., Peyré-Tartaruga, L.A., 2016. The pendular
mechanism does not determine the optimal speed of loaded walking on gradients.
Hum. Mov. Sci. 47, 175-185. https://doi.org/10.1016/j.humov.2016.03.008.

Gordon, M.J., Goslin, B.R., Graham, T., Hoare, J., 1983. Comparison between load
carriage and grade walking on a treadmill. Ergonomics 26 (3), 289-298. https://doi.
0rg/10.1080/00140138308963342.

Gottschall, J.S., Kram, R., 2006. Mechanical energy fluctuations during hill walking: the
effects of slope on inverted pendulum exchange. J. Exp. Biol. 209 (Pt 24),
4895-4900. https://doi.org/10.1242/jeb.02584.

Haisman, M.F., 1988. Determinants of load carrying ability. Appl. Ergon. 19 (2),
111-121. https://doi.org/10.1016/0003-6870(88)90004-X.

Hinde, K., Lloyd, R., Low, C., Cooke, C., 2017. The effect of temperature, gradient, and
load carriage on oxygen consumption, posture, and gait characteristics. Eur. J. Appl.
Physiol. 117 (3), 417-430. https://doi.org/10.1007/s00421-016-3531-7.

Holewijn, M., 1990. Physiological strain due to load carrying. Eur. J. Appl. Physiol.
Occup. Physiol. 61 (3-4), 237-245. https://doi.org/10.1007/bf00357606.

Howley, E.T., Bassett, D.R., Welch, H.G., 1995. Criteria for maximal oxygen uptake:
review and commentary. Med. Sci. Sports Exerc. 27 (9), 1292-1301. https://pu
bmed.ncbi.nlm.nih.gov/8531628.

Huang, T.-W.P., Kuo, A.D., 2014. Mechanics and energetics of load carriage during
human walking. J. Exp. Biol. 217 (Pt 4), 605-613. https://doi.org/10.1242/
jeb.091587.

Khalil, S., Mohktar, M., Ibrahim, F., 2014. The theory and fundamentals of bioimpedance
analysis in clinical status monitoring and diagnosis of diseases. Sensors 14 (6),
10895-10928. https://doi.org/10.3390/5140610895.

Knapik, J.J., Reynolds, K.L., Harman, E., 2004. Soldier load carriage: historical,
physiological, biomechanical, and medical aspects. Mil. Med. 169 (1), 45-56.
https://doi.org/10.7205/milmed.169.1.45.

Lafiandra, M., Harman, E., 2004. The distribution of forces between the upper and lower
back during load carriage. Med. Sci. Sports Exerc. 36 (3), 460-467. https://doi.org/
10.1249/01.mss.0000117113.77904.46.

Liew, B., Morris, S., Netto, K., 2016. The effect of backpack carriage on the biomechanics
of walking: a systematic review and preliminary meta-analysis. J. Appl. Biomech. 32
(6), 614-629. https://doi.org/10.1123/jab.2015-0339.

Ludlow, L.W., Weyand, P.G., 2017. Walking economy is predictably determined by
speed, grade, and gravitational load. J. Appl. Physiol. 123 (5), 1288-1302. https://
doi.org/10.1152/japplphysiol.00504.2017.

Applied Ergonomics 103 (2022) 103784

Lyons, J., Allsopp, A., Bilzon, J., 2005. Influences of body composition upon the relative
metabolic and cardiovascular demands of load-carriage. Occup. Med. 55 (5),
380-384. https://doi.org/10.1093/occmed/kqi087.

Minetti, A.E., Moia, C., Roi, G.S., Susta, D., Ferretti, G., 2002. Energy cost of walking and
running at extreme uphill and downhill slopes. J. Appl. Physiol. 93 (3), 1039-1046.
https://doi.org/10.1152/japplphysiol.01177.2001.

Nag, P.K., Sen, R.N., Ray, U.S., 1978. Optimal rate of work for mountaineers. J. Appl.
Physiol. 44 (6), 952-955. https://doi.org/10.1152/jappl.1978.44.6.952.

Pal, M.S., Majumdar, D., Pramanik, A., Chowdhury, B., Majumdar, D., 2014. Optimum
load for carriage by Indian soldiers on different uphill gradients at specified walking
speed. Int. J. Ind. Ergon. 44 (2), 260-265. https://doi.org/10.1016/j.
ergon.2013.09.001.

Pandoff, K.B., Givoni, B., Goldman, R.F., Thomas, T.R., Londeree, B.R., Gerhardt, K.O.,
Gehrke, C.W., 1977. Predicting energy expenditure with loads while standing or
walking very slowly. J. Appl. Physiol. 43 (4), 577-581. https://doi.org/10.1152/
jappl.1977.43.4.577.

Pellegrini, B., Peyré-Tartaruga, L.A., Zoppirolli, C., Bortolan, L., Bacchi, E., Figard-
Fabre, H., Schena, F., 2015. Exploring Muscle Activation during Nordic Walking: a
Comparison between Conventional and Uphill Walking. PLoS One, 10(9), €0138906.
https://doi.org/10.1371/journal.pone.0138906.

Phillips, D.B., Stickland, M.K., Lesser, I.A., Petersen, S.R., 2016. The effects of heavy load
carriage on physiological responses to graded exercise. Eur. J. Appl. Psysiol. 116 (2),
275-280. https://doi.org/10.1007/s00421-015-3280-z.

Pietsch, U., Strapazzon, G., Ambiihl, D., Lischke, V., Rauch, S., Knapp, J., 2019.
Challenges of helicopter mountain rescue missions by human external cargo: need
for physicians onsite and comprehensive training. Scand. J. Trauma Resuscitation
Emerg. Med. 27 (1) https://doi.org/10.1186/513049-019-0598-2, 17.

Pimental, N.A., Pandolf, K.B., 1979. Energy expenditure while standing or walking
slowly uphill or downhill with loads. Ergonomics 22 (8), 963-973. https://doi.org/
10.1080/00140137908924670.

Quesada, P.M., Mengelkoch, L.J., Hale, R.C., Simon, S.R., 2000. Biomechanical and
metabolic effects of varying backpack loading on simulated marching. Ergonomics
43 (3), 293-309. https://doi.org/10.1080/001401300184413.

Richmond, P.W., Potter, A.W., Santee, W.R., 2015. Terrain factors for predicting walking
and load carriage energy costs: review and refinement. J. Sport Hum.Perform. 3,
1-26.

Sagiv, M., Ben-Gal, S., Ben-Sira, D., 2000. Effects of gradient and load carried on human
haemodynamic responses during treadmill walking. Eur. J. Appl. Physiol. 83 (1),
47-50. https://doi.org/10.1007/s004210000250.

Simpson, K.M., Munro, B.J., Steele, J.R., 2011a. Backpack load affects lower limb muscle
activity patterns of female hikers during prolonged load carriage. J. Electromyogr.
Kinesiol. 21 (5), 782-788. https://doi.org/10.1016/j.jelekin.2011.05.012.

Simpson, K.M., Munro, B.J., Steele, J.R., 2011b. Effect of load mass on posture, heart rate
and subjective responses of recreational female hikers to prolonged load carriage.
Appl. Ergon. 42 (3), 403-410. https://doi.org/10.1016/j.apergo.2010.08.018.

Sumann, G., Moens, D., Brink, B., Brodmann Maeder, M., Greene, M., Jacob, M.,
Koirala, P., Zafren, K., Ayala, M., Musi, M., Oshiro, K., Sheets, A., Strapazzon, G.,
Macias, D., Paal, P., 2020. Multiple trauma management in mountain environments -
a scoping review : evidence based guidelines of the International Commission for
Mountain Emergency Medicine (ICAR MedCom). Intended for physicians and other
advanced life support personnel. Scand. J. Trauma Resuscitation Emerg. Med. 28 (1)
https://doi.org/10.1186/513049-020-00790-1, 117.

Taylor, N.A.S., Peoples, G.E., Petersen, S.R., 2016. Load carriage, human performance,
and employment standards. Appl. Physiol. Nutr. Metabol. 41 (6), S131-5S147.
https://doi.org/10.1139/apnm-2015-0486.

Tomazin, I., Vegnuti, M., Ellerton, J., Reisten, O., Sumann, G., Kersnik, J., 2012. Factors
impacting on the activation and approach times of helicopter emergency medical
services in four Alpine countries. Scand. J. Trauma Resuscitation Emerg. Med. 20
(56) https://doi.org/10.1186/1757-7241-20-56.

Wu, H.C., Wang, M.J., 2001. Determining the maximum acceptable work duration for
high-intensity work. Eur. J. Appl. Physiol. 85 (3-4), 339-344. https://doi.org/
10.1007/s004210100453.


https://doi.org/10.1080/10803548.2014.11077025
https://doi.org/10.1186/s40779-017-0113-x
http://refhub.elsevier.com/S0003-6870(22)00107-7/sref10
http://refhub.elsevier.com/S0003-6870(22)00107-7/sref10
https://doi.org/10.7205/MILMED.172.6.596
https://doi.org/10.1016/j.apergo.2015.07.003
https://doi.org/10.1016/j.apergo.2015.07.003
https://doi.org/10.1016/j.jsams.2017.08.009
https://doi.org/10.1007/bf00640670
https://doi.org/10.1016/j.gaitpost.2011.08.025
https://doi.org/10.1016/j.gaitpost.2011.08.025
https://doi.org/10.1093/milmed/usaa050
https://doi.org/10.1016/j.humov.2016.03.008
https://doi.org/10.1080/00140138308963342
https://doi.org/10.1080/00140138308963342
https://doi.org/10.1242/jeb.02584
https://doi.org/10.1016/0003-6870(88)90004-X
https://doi.org/10.1007/s00421-016-3531-7
https://doi.org/10.1007/bf00357606
https://pubmed.ncbi.nlm.nih.gov/8531628
https://pubmed.ncbi.nlm.nih.gov/8531628
https://doi.org/10.1242/jeb.091587
https://doi.org/10.1242/jeb.091587
https://doi.org/10.3390/s140610895
https://doi.org/10.7205/milmed.169.1.45
https://doi.org/10.1249/01.mss.0000117113.77904.46
https://doi.org/10.1249/01.mss.0000117113.77904.46
https://doi.org/10.1123/jab.2015-0339
https://doi.org/10.1152/japplphysiol.00504.2017
https://doi.org/10.1152/japplphysiol.00504.2017
https://doi.org/10.1093/occmed/kqi087
https://doi.org/10.1152/japplphysiol.01177.2001
https://doi.org/10.1152/jappl.1978.44.6.952
https://doi.org/10.1016/j.ergon.2013.09.001
https://doi.org/10.1016/j.ergon.2013.09.001
https://doi.org/10.1152/jappl.1977.43.4.577
https://doi.org/10.1152/jappl.1977.43.4.577
https://doi.org/10.1371/journal.pone.0138906
https://doi.org/10.1007/s00421-015-3280-z
https://doi.org/10.1186/s13049-019-0598-2
https://doi.org/10.1080/00140137908924670
https://doi.org/10.1080/00140137908924670
https://doi.org/10.1080/001401300184413
http://refhub.elsevier.com/S0003-6870(22)00107-7/sref40
http://refhub.elsevier.com/S0003-6870(22)00107-7/sref40
http://refhub.elsevier.com/S0003-6870(22)00107-7/sref40
https://doi.org/10.1007/s004210000250
https://doi.org/10.1016/j.jelekin.2011.05.012
https://doi.org/10.1016/j.apergo.2010.08.018
https://doi.org/10.1186/s13049-020-00790-1
https://doi.org/10.1139/apnm-2015-0486
https://doi.org/10.1186/1757-7241-20-56
https://doi.org/10.1007/s004210100453
https://doi.org/10.1007/s004210100453

	Physiological stress in flat and uphill walking with different backpack loads in professional mountain rescue crews
	1 Practitioner summary
	2 Introduction
	3 Methods
	3.1 Participants
	3.2 Procedure
	3.2.1 Preliminary trial
	3.2.2 Load carriage test (LCT)

	3.3 Measurements
	3.4 Statistical analysis

	4 Results
	5 Discussion
	6 Limitations
	7 Conclusions
	Funding
	Disclaimer
	Declaration of competing interest
	Acknowledgments
	References


