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Abstract
Lifeguards use, as part of aquatic rescue, the front crawl and up-head front crawl. 
Studies on energy expenditure and complementary physiological variables obtained 
during aquatic rescue strategies are rare. The aim of this study was to compare the 
front-crawl’s and up-head front crawl’s energetics and performance as carried out 
by lifeguards. Twenty-one military lifeguards voluntarily participated in this study. 
Two tests were performed at maximum intensity: 100-meters in both front crawl 
and up-head front crawl. From each test, physiological data (direct measurement of 
oxygen uptake, lactacidemia, and heart rate), rate of perceived exertion, and mean 
swimming speed (two-dimensional video-analysis) were identified. Each energetic 
source contribution and energy cost were calculated. Descriptive and inferential 
statistics were used for α < .05. The performance was better in the front-crawl, the 
physiological results were similar between front-crawl and up-head front crawl, and 
higher energy cost in up-head front crawl (1.90 ± 0.33 kJ∙m-1) compared to the front-
crawl (1.51 ± 0.33 kJ∙m-1). In conclusion, the up-head front crawl is less economical 
when compared to the front-crawl.
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Introduction
Aquatic rescue by lifeguards is part of the strategies to 
reduce the number of deaths (Gámez de la Hoz & Padilla 
Fortes, 2017; Szpilman et al., 2016; Wallis et al., 2015). 
The possibility of successful rescue increases in regulated 
swimming environments, such as swimming pools and 
open water with trained lifeguards (Chan et al., 2018; Idris 
et al., 2017; Jeong et al., 2016). Swimming is the most 
common form of rescue to reach and remove the victim 
from the water. Lifeguards carry out the front crawl stroke 
(FC) with the head in the water as the fastest and more 
economical way of human locomotion in water (Barbosa, 
Fernandes, et al., 2006). However, the rescuer's first option 
is the up-head front crawl (UH), which consists of the 
front crawl with the head above water and facing forward 
to allow a constant visualization of someone at possible 
risk of drowning.

FC and UH as forms of locomotion in the aquatic 
environment seem to require different energy costs and total 
metabolic energy expenditures, depending on swimming 
speed and drag due to body position (Barbosa, Lima, et al., 
2006; Figueiredo et al., 2013; Gonjo et al., 2018; Zamparo 
et al., 1996). Physiological and biomechanical parameters 
can provide useful information for lifeguard training, but 
such studies are very scarce in the literature.

In swimming, the more the body is horizontal in relation 
to the water surface, the lower the drag and the better the 
performance (Zamparo et al., 2009). The main technical 
difference between FC and UH is the head-up position. 
Head elevation causes the hips and legs to sink, increasing 
the body's contact area with the water due to an increase of 
the angle formed between hip and shoulder in relation to 
the water surface, consequently increasing drag (Toussaint 
& Hollander, 1994; Zamparo et al., 2009). Both drag and 
swimming speed influence energy cost in the aquatic 
environment (Pendergast et al., 2006; Toussaint & Hollander, 
1994). Energy cost can be expressed as the quotient between 
total metabolic energy expenditure (sum of energies from 
the three energy pathways of aerobic, anaerobic alactic and 
lactic) and the mean swimming speed at a given distance 
(Figueiredo et al., 2012). For the same swimming speed, 
the FC presents the lowest energy cost compared to other 
swimming strokes (Pendergast et al., 2015).

Studies that seek to analyze and support the activity 
of lifeguard training are of extreme relevance, although 
scarce. In this way, with studies focusing the UH energetic 
and energy cost, training could be more specific. The main 
outcome ought is a reduction in death rates by drowning 
and a better clinical condition of saved victims, reducing 

the possible physiological and psychological sequelae 
(Schwebel et al., 2007; Wallis et al., 2015). Studies on 
the performance of lifeguards can inform society work, 
helping to improve lifeguard fitness (the better prepared 
lifeguards are, the greater the chance of work success). 
By analyzing in depth the swimming techniques used 
by lifeguards, we hope to obtain a body of knowledge 
that will serve to improve the training and orientation 
processes at the time of rescue. Thus, the objective of 
this study was to compare the FC and UH energetics and 
performance carried out by lifeguards. We hypothesized 
that: (a) performance (swimming speed and test duration) 
will be better in FC than in UH; (b) oxygen uptake, heart 
rate, blood lactate concentration and rate of perceived 
exertion will be higher in UH than in FC; and (c) total 
metabolic energy expenditures and energy cost will be 
higher in UH than in FC.

Methods

Participants
Twenty-one trained military lifeguards, all male with at 
least three years of rescue experience (age: 32.4 ± 3.1 years; 
body mass 79.2 ± 8.0 kg; height: 177.0 ± 7.2 cm; upper 
arm span: 183.3 ± 8.1 cm), participated in this study. This 
study was approved (nº 2.316.201) by the research ethics 
committee of the Federal University of Rio Grande do 
Sul, respecting the guidelines of the Helsinki Declaration. 
All participants gave written consent to participate in the 
research. Participants were asked to abstain from intense 
physical effort and/or training for 24 hours before each test.

Design/Experimental procedure
Each participant performed two test sessions in a 25-meter 
indoor pool (1.90 m deep, water temperature at ≈ 28 ºC). 
Participants warmed up with a 400-meter FC but with 
open turns, followed by a 100-meter FC with a regular 
snorkel. The warm-up was used to make the participants 
feel even more comfortable with the AquaTrainer® snorkel 
(Cosmed, Italy) equipment and the pool during the tests. 
The tests were (i) 100-meter FC and (ii) 100-meter up-UH, 
performed 24 hours apart and in maximal intensity, with an 
in-water start and open turns. All lifeguards were previously 
familiarized with the use of the AquaTrainer® snorkel for 
six sessions. The setup of the data collection is pictured 
in Figure 1.
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Data collection
Before the swimming test, body mass (SECA® 813 digital 
scale, resolution of 0.1 kg, Germany), height (SANNY 
stadiometer, Personal Caprice, resolution of 0.1 cm, Brazil), 
and arm span (SANNY stadiometer, Personal Caprice, 
resolution of 0.1 cm, Brazil) were measured. The lifeguards 
received circular markers (black paste dermatologically 
tested) on the (bi-laterally) lateral malleolus, greater 
trochanter of the femur, and acromial process.

Performance in each test was timed by two researchers 
(CR20 chronometers, Kikos, Brazil). The mean swimming 
speed (m·s-1) was measured by viogrammetry with support 
for the Ariel Performance Analysis System (APAS®, 
Ariel Dynamics Inc., USA) from two sections: 25-50 and 
75-100 m (two stroke cycles in each section). The mean 
swimming speed was obtained by the quotient between 
hip displacement and time over a complete stroke cycle. A 
stroke cycle comprised the entry and re-entry of the same 
hand into the water (Barbosa et al., 2008).

The images for swimming speed identification were 
recorded with the support of two fixed cameras (Sony Hdr 
cx260, 60 Hz, United States) one positioned 0.3 m below 
the water surface line inside a waterproof case (Sony SPK-
HCH, United States), and another 0.3 m out of the water 
(Figure 1). The cameras were halfway through the pool 
and 7.5 m away from the participant's sagittal plane of 
displacement. A device with light-emitting diodes arranged 
above and below the water was used to synchronize the 
camera images taken, in accordance with studies by de 
Jesus et al., 2015. The images were recorded by the cameras 

within a previously calibrated space (calibration structure 
with x = 4.5 m [horizontal axis]; y = 1 m [medial-lateral 
axis]; and z = 1.5 m [vertical axis] dimensions). The root 
mean square error for the x, y, and z-axes were, respectively, 
1.92, 0.29, and 1.34 mm (10 real and 10 control points for 
underwater and external cameras).

Oxygen uptake (VO2) in both tests was directly measured 
breath-by-breath using a telemetric portable gas analyzer 
(K5, Cosmed, Italy) connected to a snorkel and valve system 
(AquaTrainer®, Cosmed, Italy), suspended at ≈  2 m over 
the water surface in a steel cable. The telemetric portable 
gas analyzer was calibrated before each testing session 
using reference gases (16% O2 and 5% CO2), and the turbine 
volume transducer was calibrated with a 3 l syringe. For 
data treatment, errant breaths (swallowing, coughing, and/or 
signal interruptions) were withdrawn from the VO2 analysis 
by only including those within mean ± 4 SD (Ozyener et 
al., 2001). The data was then smoothed using a 5-breath 
moving window (de Jesus et al., 2014). Peak oxygen uptake 
(VO2peak) was considered as the highest value of the curve of 
both tests (Laffite et al., 2004). VO2 and lactate concentration 
in rest (respectively, VO2rest and Larest) were measured prior 
to each test, after 10 minutes in rest. After rest, VO2rest was 
the mean of VO2 in which the respiratory exchange ratio 
stabilized at approximately 0.8.

Blood was sampled from the fingertip to determine lactate 
concentration. It was measured at rest and after exercise (1, 
3, 5, and 7 minutes after the test) to identify the peak lactate 
value (Lapeak). Blood lactate was identified by means 
of a portable lactometer (Accutrend, Roche, Germany).  

Figure 1
Physiological and performance data collection set-up over the 100-meter front crawl and 100-meter up-head front protocols.
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Both heart rate (HR) and rate of perceived exertion (RPE) 
were identified at rest and immediately after each test. To 
verify the HR, a transmitter was allocated in the xiphoid 
appendix region of the participants during the tests 
(Garmin, 920XT, USA). The 15 points Borg-scale (6 - 20) 
was presented to the participants who indicated the RPE 
according to their visualization (Borg, 1998).

Energetic Contribution and Cost
The proportions of aerobic and anaerobic metabolism during 
each test (Equation 1) were calculated by the total energy 
expenditure equation (Capelli et al., 1998; di Prampero, 
1986; Figueiredo et al., 2011):

Etot = VO2 + βLab + PCr(1 - e-t/r ) (1)

where Etot is the total energy consumption over the test; 
VO2 was calculated from the time-integral of the net value 
between VO2peak and VO2rest as the aerobic contribution (Aer, 
kJ); βLab is the difference between Lapeak and Larest multiplied 
by 2.7 ml·O2·mM-1 kg-1 and then by the total body mass 
(kg) as the lactic anaerobic contribution (AnLa, kJ); and 
PCr (phosphocreatine) is the alactic anaerobic contribution 
(AnAla, kJ), whereas this energy source corresponds in time 
constant to 23.4 s (Binzoni et al., 1992). The AnAla was 
estimated by the concentration of phosphocreatine decreased 
by 18.55 mM·kg-1 (net weight at maximum activation muscle, 
assuming 50% of muscle mass activated) (Capelli et al., 1998; 
Zamparo et al., 2011). Aer and AnLa were expressed in kJ 
assuming an energetic equivalent of 20.9 kJ lO2

-1 and as a 
% of the total metabolic energy expenditure. Lastly, energy 
cost (Equation 2) was calculated by the ratio between the 
total metabolic energy expenditure and mean swimming 
speed (di Prampero, 1986):

C = Etot × v-1 (2)

where C is energy cost; Etot is the total energy consumption 
over the test; and v is swimming speed.

Statistical Analyzes
The G*Power 3.1 software (Düsseldorf, Germany) was used 
to determine the minimum sample size required (statistical 
power of .80, α = .05 for the analysis, 95% confidence interval, 
5% sampling error, and an assumed effect size of 0.50). All 
data were checked for distribution normality with the Shapiro-
Wilk test. The data were described as the mean ± standard 
deviation (SD) and 95% confidence interval of the mean 
[CI]. Comparisons were performed with dependent samples 
t-test followed by effect size calculation (Rosenthal, 1996):  

(when d: 0 < insignificant effect size < 0.19; small effect 
0.20 ≤ d ≤ 0.49; medium effect size 0.50 ≤ d ≤ 0.79; large 
effect size 0.80 ≤ d ≤ 1.29; and very large effect size d ≥ 1.30). 
Significance level was established at 5%.

Results
The results were expressed as the mean, SD, CI, and Cohen's 
d for the mean of lifeguards for performance and swimming 
speed, physiological parameters (VO2peak, Lapeak, HR and RPE), 
total metabolic energy contribution, and energy cost (Table 1). 
The effect size was very large (d > 1.30) for performance 
(83.2 ± 8.2 s in FC and 100.5 ± 11.8 s for UH) and large 
(0.80 ≤ d ≤ 1.29) for swimming speed (1.09 ± 0.13 m∙s-1 in 
FC and 0.96 ± 0.17 m∙s-1 for UH) (Table 1). The effect size 
was medium (0.50 ≤ d ≤ 0.79) for Aer (880.2 ± 15.6 kJ in 
FC and 89.4 ± 18.0 kJ in UH) and small (0.20 ≤ d ≤ 0.49) 
for AnaerLa (53.4 ± 15.5 kJ in FC and 60.0 ± 15.2 kJ in 
UH) (Table 1). The effect size was large (0.80 ≤ d ≤ 1.29) 
for total metabolic energy expenditure (166.4 ± 16.5 kJ in 
FC and 182.5 ± 23.1 kJ in UH) and very large (d > 1.30) for 
energy cost (1.51 ± 0.24 kJ∙m-1 in FC and 1.90 ± 0.33 kJ∙m-1 
in UH) (Table 1). At rest, no differences were identified for 
VO2, LA, HR and RPE for FC and UP, respectively: 6.6 ± 1.4 
and 6.8 ± 2.3 ml∙kg∙min-1; 2.3 ± 0.8 and 2.0 ± 0.7 mmol∙l-1; 
73.5 ± 13.6  and 75.9 ± 14.0 bpm; and 7.3 ± 1.5 and 
7.5 ± 1.9 points.

The mean and standard deviation of swim speed (image 
A) energy cost (image B), performance (image C), and 
aerobic and anaerobic energy contribution (image D) 
of lifeguards over the 100-meter up-head front crawl 
and 100-meter front crawl tests, N = 21, are shown in 
Figure 2. The results of the FC test were better than the 
results obtained in the UH test on variable performance 
(shorter duration in seconds in the 100-meter test) and 
swimming speed (Figure 2). The aerobic and anaerobic 
energy contributions were higher in the UH than in the 
FC (Figure 2). Total metabolic energy expenditure and 
energy cost were also higher in the UH than in the FC 
(Table 1, Figure 1).

Discussion
This study assessed and compared performance, oxygen 
uptake, and complementary physiological variables 
(peak lactate, heart rate), rate of perceived exertion, total 
metabolic energy contribution, and energy cost of the 
FC and the UH carried out by lifeguards. In general, 
performance was better in the FC than UH. The VO2 and 
complementary physiological variables (Lapeak, HR) and 
RPE were not different between FC and UH. The total 
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Figure 2
Mean and standard deviation of swim speed (v) (image A) energy cost (image B), performance (image C), and aerobic and anaerobic 
energy contributions (AnLactic = anaerobic lactic and AnAlactic = anaerobic alactic) (image D) of lifeguards over 100-meter up-head 
front crawl and 100-meter front crawl tests. Overall results (N = 21): t-test: p <.001.
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Table  1 
Overall mean, standard deviation, confidence interval, and Cohen's d for the performance and SS, physiological 
parameters, the total metabolic energy contribution, and the energy cost for the lifeguards, N = 21.

Variable FC UH p (Cohens’ d)

Performance (s)  83.2 ± 8.2 [79.5, 87.0]  100.5 ± 11.8 [95.2, 105.9] < .001* (1.54)

v (m∙s-1)  1.09 ± 0.13 [1.02, 1.16]  0.96 ± 0.17 [0.87, 1.05] < .001*  (0.85)

VO2peak (ml∙kg∙min-1)  45.0 ± 8.0 [40.7, 49.3]  44.8 ± 8.8 [40.1, 49.5] .70 (0.02)

LApeak  (ml∙l-1)  14.6 ± 3.3 [12.9, 16.4]  15.6 ± 4.0 [13.5, 17.8] .43 (0.13)

HR (bpm)  159 ± 13 [152, 167]  160 ± 11 [154, 66] .83 (0.03)

RPE (points)  17.7 ± 1.4 [16.9, 18.5]  17.8 ± 1.7 [16.9, 18.7] .75 (0.06)

Aer (kJ)  80.2 ± 15.6 [73.0, 87.5]  89.4 ± 18.0 [81.2,  97.6] .034* (0.54)

AnaerLa (kJ)  53.4 ± 15.5 [46.3, 60.5]  60.0 ± 15.2 [53.1, 60.9] .045* (0.42)

AnaerAla (kJ)  32.9 ± 3.1 [31.4, 34.4]  33.0 ± 3.2 [31.5, 34.5] .32 (0.03)

Etot (kJ)  166.4 ± 16.5 [158.9, 173.9]  182.5 ± 23.1 [172.0, 193.0] < .001  (0.96)*

% Aer  48.3 ± 7.9 [44.6, 51.8]  49.0 ± 6.0 [46.1, 51.6] .72 (0.08)

% AnaerLa  31.8 ± 7.7 [28.2, 35.3]  32.8 ± 6.5 [29.8, 35.8] .54 (0.14)

% AnaerAla  19.9 ± 2.3 [18.0, 21.0]  18.2 ± 2.0 [17.3, 19.1] < .001* (0.78)

% Anaer  51.7 ± 7.9 [48.1, 55.3]  51.2 ± 6.0 [40.3, 53.8] .71 (0.07)

Energy cost  (kJ∙m-1)  1.51 ± 0.24 [1.40, 1.62]  1.90 ± 0.33 [1.74, 2.05] < .001* (1.35)

Note. v = swimming speed; VO2peak = peak oxygen uptake; LApeak = peak lactate value; HR = heart rate; RPE = rate of perceived 
exertion; Etot = total metabolic energy expenditure; % Aer = % aerobic energy contribution; % AnaerLa = % anaerobic lactic energy 
contribution; % AnaerAla = % anaerobic alactic energy contribution.
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metabolic energy expenditure and the energy cost were 
higher in UH than in HR.

Lifeguards can benefit from FC compared to UH due 
to higher swimming speed and, consequently, have better 
performance (shorter test duration in seconds). Water rescues 
demand a sustained visual contact with the victim by the 
lifeguard (Vignac et al., 2017) and therefore choose to 
swim in UH first. Rescue in swimming pools or in open 
water that allows good visibility seems to favor strategies 
with greater use of FC compared to UH at greater distances 
from the rescuer's starting point to the victim. Body contact 
with the drowning victim requires different technical 
procedures that go beyond the objective of this study, e.g., 
techniques of approach in the last meters near the victim and 
possible actions of disengagement. In any case, lifeguards 
can substitute the use of FC at higher swimming speed in 
exchange for UH at distances that ensure the safety of both 
lifeguards and the victim.

The swimmers’ body inclination, when raising the head, 
favors an increase in drag (Zamparo et al., 2009). Because 
of this, the body produces a greater drag during UH as 
compared to FC. In the current study, the total metabolic 
energy expenditure was higher for the lifeguards during 
UH than FC. The energy contribution of the aerobic and 
anaerobic pathways was higher for UH than for FC. When 
compared, the three energetic metabolic pathways for FC 
between lifeguard and well-trained male swimmers were 
not similar. At least for well-trained male swimmers, it was 
observed that, for the distance of 100-meters at extreme 
intensity, 43% of the energy comes from aerobic sources, 
33.1% from anaerobic lactic, and 23.5% from anaerobic 
alactic, values that are smaller for aerobic pathway and 
higher for anaerobic alactic pathway (Ribeiro et al., 2015).

The energy cost values were higher for UH than for 
FC. The energy cost for FC and UH were, respectively, 
1.51 ± 0.24 kJ·m-1 and 1.90 ± 0.33 kJ·m-1 (p < .001), with 
higher values for UH. The longer test (lower swimming 
speed) and the swim with worse horizontal alignment justify 
the higher values of energy cost in UH. In high performance 
swimmers in 100-meter FC tests, energy cost values of 
1.16 ± 0.10 kJ·m-1 were found (Ribeiro et al., 2015), lower 
values than were found in the present study, even with 
similar values of VO2peak. It should be noted that energy 
cost is a variable for a global evaluation of swimming, as it 
incorporates physiological (total energy) and biomechanical 
data (swimming speed) (Barbosa, Fernandes, et al., 2006). 
Thus, a swimmer with a lower energy cost uses less energy 
than a swimmer with a higher energy cost to travel the same 
distance. Such an outcome is of utmost importance when 
seeking a faster and more efficient rescue in the context of 
lifeguard-executed swimming.

Additionally, our results of RPE (14.6 ± 3.3 points for 

FC and 15.6 ± 4.0 points for UH) and LA (17.7 ± 1.4ml∙l-1 

for FC and 17.8 ± 1.7 ml∙l-1 for UH) obtained after the 100 m 
pool test were different from those reported in tests with 
rescuers (N = 23, male n = 21 and female n = 2) performed 
in calm sea with waves smaller than 0.5 m after water rescue 
without floating rescue equipment (1.01 ± 2.06 ml∙l-1 and RPE 
8 ± 0.77 Borg 10-point scale) (Barcala-Furelos et al., 2016). 
It was also found a study (N = 40, male 28 and female 12) 
that reported RPE of 7.4 ± 1.4 on Borg's 10-point scale for 
rescue without floating rescue equipment (but using 12 and 
38 cm fins) before rescue with 100 m distance in the sea 
(Aranda-Garcia & Herrera-Pedroviejo, 2020). Possibly, these 
differences are due to the constraints of different factors 
(Newell, 1986): means (density and water movement in 
pool and sea); organism (distinct samples with one of the 
groups with females); and task (without rescue and with 
rescue of an individual). It is worth noting that the support 
of any equipment (e.g., fins, rescue tube and rescue board) 
during rescues is better than no equipment (Aranda-Garcia 
& Herrera-Pedroviejo, 2020; Barcala-Furelos et al., 2016; 
Serrano Ramón & Ferriz Valero, 2018).

The results obtained from the variables studied can 
be used to support the lifesaving training planning and 
execution teams, and allow better performance in the 
water and visualization of the victim, reducing the energy 
cost for the performance of the activity. Even if it is not 
possible to set the swim distances at the time of each 
rescue, and that in aquatic rescues maximum efforts are 
not usually applied but submaximal efforts (Aranda-Garcia 
& Herrera-Pedroviejo, 2020; Barcala-Furelos et al., 2016), 
the results suggest that the lifeguards must present good 
aerobic capacity to be able to perform rescue activity. 
Regarding energy cost, the lifeguards presented higher 
values during UH than FC, and this can lead to early fatigue 
if performed over long distances to reach the drowning 
victim. In relation to energy cost, it can also be observed 
that lifeguards presented higher values during UH than 
FC, and this can lead to early fatigue if performed over 
long distances to reach the drowning victim.

It is also known that some lifeguards do not have a good 
breathing technique during swimming and always choose 
to swim with their heads out of the water, preventing them 
from being faster and more economical. It would thus be 
appropriate for the lifeguards to be trained to improve their 
swimming technique for both FC and UH. Regarding UH, 
it has been shown that water polo players who perform it 
very often during their training and games develop a great 
specialty which allows them to maintain swimming speed, 
stroke length, and stroke rate values in UH similarly to FC 
(Zamparo et al., 2009). Thus, we believe that if lifeguard 
training gives more importance to UH, lifeguards will also 
be able to sustain better values in the variables analyzed, 
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resulting in a smaller energy cost during the performance 
of their activities.

Limitations
The main limitations of this study were: (a) the methodological 
infeasibility that does not allow the tests to be performed in 
the same conditions and environments in which the aquatic 
rescue activities are performed by the lifeguards; (b) No 
fins were used during swim tests. Some lifeguards use fins 
during their aquatic rescues (Barcala-Furelos et al., 2016). 
Possibly, future studies could provide more information 
on the use of fins in swimming tests, aquatic rescues and 
their respective energy costs; (c) the use of a snorkel for 
respiratory gas collection that allowed the lifeguards to 
breathe with their faces closer to the water line than if 
they were performing the approach technique without the 
snorkel, and which may have influenced the results of the 
UH. Such data from the current study can help in training 
planning, whether technical or physiological, in order to 
improve the planning of the lifeguard's physical activities, 
as well as in swimming technique related to the drowning 
approach. We know that it will always be difficult to control 
all the existing variables in studies of this nature, especially 
since it is an activity that does not allow the prediction of 
the effort that will be required to perform each rescue. A 
greater number of studies related to this issue will make it 
possible to understand even more about the capabilities that 
should be improved in the training of lifeguards.

Conclusion
The lifeguards achieved higher swimming speed and 
consequently better performance in FC than in UH in 
a 100-meter test at maximum intensity. VO2peak, LApeak, 
HR, and RPE were similar between FC and UH in the 
100-meter test at maximum intensity. In general, lifeguards 
could alternate the FC strokes with one or two UH strokes, 
leaving the UH for when they are closest to the victim, 
in order to establish the most appropriate approach. This 
approach technique results in higher energy costs compared 
to FC. Alternatively, the improvement of the UH technique 
is suggested so that it approaches the physiological and 
biomechanical characteristics of FC.
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