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Keywords: ABSTRACT

Allometric scaling; Total mechanical work (W )is a predictor in long-distance running, and the intake of isotonic beverages
Performance; is commonly adopted to delay fatigue and enhance performance. The aim of the present study was to
Hydration. investigate, using allometric scaling, the relationship between isotonic beverage intake and mechanical

power during running lasting approximately 60 minutes. Seventeen runners performed three running
trials using 500 mL of an isotonic drink, a placebo, or water, preceded by a treadmill running economy
test. No statistically significant differences (p<0.05) were observed in W __among the experimental
conditions, allowing the conclusion that the ingestion of 500 mL of an isotonic beverage tends not to
result in changes in mechanical power and, consequently, is unlikely to improve performance in long-
distance running events lasting approximately one hour.

Palavras-chave: RESUMO

Escala alométrica; O trabalho mecénico total (W _) € um preditor em corridas de longa distancia, sendo a ingestdo de
Rendimiento; bebidas isoténicas adotada para retardar a fadiga e melhorar o desempenho. O objetivo do presente
Hidratacion. estudo foi investigar, alometricamente, a relagdo entre a ingestdo isotonica e a poténcia mecanica em

corridas de, aproximadamente, 60 minutos. Dezessete corredores realizaram trés corridas fazendo
uso de 500 ml de isot6nico, ou placebo ou agua, precedidas por um teste de economia de corrida em
esteira rolante. N&o foram verificaras diferencas estatisticamente significativas (p<0,05) noW, entreas
situacdes experimentais permitindo concluir que a ingestdo de 500 ml de isotonico tende a nao resultar
em alteragGes na poténcia mecanica e, provavelmente, na melhora do desempenho de corridas de

longa distancia, com duracdo de uma hora, aproximadamente.

Palabras clave: RESUMEN

Escala alométrica; El trabajo mecanico total (W) es un predictor en las carreras de larga distancia, y la ingesta de
Desempenho; bebidas isotdnicas se adopta comunmente para retrasar la fatiga y mejorar el rendimiento. El
Hidratagdo. objetivo del presente estudio fue investigar, mediante un escalamiento alométrico, la relacion entre

la ingesta de bebidas isotdnicas y la potencia mecanica durante carreras de aproximadamente 60
minutos de duracidn. Diecisiete corredores realizaron tres pruebas de carrera consumiendo 500 mL
de una bebida isotdnica, un placebo o agua, precedidas por una prueba de economia de carrera en
cinta rodante. No se observaron diferencias estadisticamente significativas (p<0,05) nel W __ entre
las condiciones experimentales, lo que permite concluir que la ingesta de 500 mL de una bebida
isotonica tiende a no producir cambios en la potencia mecanica y, en consecuencia, mejoras nel
rendimiento en pruebas de carrera de larga distancia con una duracion aproximada de una hora.
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Allometric analysis of isotonic intake and mechanical power in runners

INTRODUCTION

In running, total mechanical work (W_ ) is considered
one of the main predictive measures of performance in
long-distance events (Minetti et al., 1994; Saibene and
Minetti, 2003; Keir et al., 2012; Tartaruga et al., 2013),
being the sum of external (W_ ) and internal (W, )
mechanical work, expressed in Jkg*m™. W__ represents
the work required to lift and accelerate the body’s
center of mass in relation to the environment (Saibene
and Minetti, 2003), while W_is related to the work
associated with changes in the internal energy of each
body segment relative to the body’s center of mass
(Willems et al., 1995).

Some authors (Brisswalter et al., 1996; West et al.,
1997; Darveau et al., 2002) point to the need for parameters
that allow performance predictor variables, suchas W_,
to be compared between individuals with different
body masses. Allometric scaling is one such example. It
is represented by a regression equation that indicates
the behavior of a physiological variable “y” in relation
to the mass variable “x” (y = ax®). The coefficient “a” is
characteristic of the analyzed species - such as the absolute
maximal oxygen consumption (VO, _)-and the exponent
“b” determines the percentage of mass associated with
variable y, being called the allometric exponent. This
exponential function can be transformed logarithmically
into a linear function (Tartaruga et al., 2013):

logy =loga+blogx (M

In one of the first studies that used an allometric
exponent to express efficiency of running, Bergh et al.
(1991) found that oxygen consumption during running
is better related using specific allometric exponents,
for example, kg®”> (metabolic rate vs. body surface)
and kg% (metabolic rate vs. body mass) then to kg™.
Furthermore, Tartaruga et al. (2013), examining the
effect of allometric scaling on the relationship
between mechanical work and long-distance running
performance in recreational runners, found a significant
correlation between mechanical work and performance,
particularly when allometric exponents were applied
(allometric scaling defined by literature (0.75) and
determined mathematically (0.49), during a 6 minute
submaximal running test at 3.1 m-s™%. These results
indicate that mechanical work could be used as a
predictor of recreational long-distance performance
and an allometric model may improve this prediction.
Finally, Sjodin and Svedenhag (1992) suggested that
changes in running economy (RE) - the energy cost per
unit of body mass to cover a given distance or at a given
submaximal running velocity (Saibene and Minetti,
2003; Saunders et al., 2004) -and VO, _ (ml-kg™-min™")
in adolescent boys during growth may largely reflect
an overestimation of oxygen consumption relative to
body mass during running. With an increasing age and
body mass during growth, both submaximal oxygen
consumption (VO ) and VO, _ will decrease

2submax

differently according to the physical condition, suggesting
the use of specific allometric exponents. In sports
practice, studies have found the need to use different
values as coefficients for determining the percentage of
total body mass to be considered in the calculation of
W,_.. These values are specific to different sports (e.g.,
cycling, karate, orienteering, running, swimming, and
triathlon; Jensen et al., 2001) and also for wheelchair
users (Goosey-Tolfrey et al., 2003). In this context, Saltin
and Astrand (1967) state that the relationship between
VO, __ and body mass is used because there are many
types of locomotion, each requiring a specific body
mass to be moved.

Myths and misconceptions regarding human
physiology and its optimization through training, nutrition,
pharmacology, and performance strategies are common
among both recreational and competitive athletes, and
endurance running is no exception (Rapaport, 2010). Fluid
intake, particularly isotonic drinks, and dietary manipulation
are essential for enhancing performance, as inadequate
intake of nutrients required for energy production can
impair performance and induce biomechanical alterations
(Lukaski, 2004; Howard et al., 2015; Scheer et al., 2018).
Carbohydrate (CHO) supplementation during prolonged
exercise helps maintain blood glucose levels, reduce
neuromuscular fatigue, and preserve mechanical efficiency
(Jeurkendrup, 2004).

Isotonic drinks are formulated with optimal
concentrations of carbohydrates and electrolytes to
support hydration, energy provision, and electrolyte
balance, thereby delaying fatigue during prolonged
exercise (Sawka et al., 2007; Kenefick, 2018; Jeurkendrup
and Gleeson, 2019). This is particularly important because
even moderate dehydration can impair performance,
increase perceived exertion, and compromise
cardiovascular efficiency (Cheuvront and Kenefick, 2014).

However, inadequate or insufficient intake
of essential nutrients during exercise can impair
performance. A deficiency of carbohydrates, for example,
compromises the body’s ability to maintain blood glucose
levels and replenish glycogen stores, which is vital for
sustaining prolonged and intense efforts (Thomas et al.,
2016). Additionally, insufficient intake of electrolytes
can result in electrolyte imbalances, which can cause
muscle cramps, early fatigue, and, in extreme cases,
hyponatremia (Hew-Butler et al., 2015).

Recent studies also indicate that combining isotonic
drinks with dietary strategies can improve metabolic
efficiency and the capacity to use fat as an energy source
in endurance activities, which could reduce the impact
on muscle glycogen and delay fatigue (Burke et al., 2011).
Furthermore, protein supplementation during long-
duration exercises has been suggested as an effective
way to minimize muscle damage and promote recovery
(Jager et al., 2017). Consequently, changes in W_,
resulting from alterationsin both W, and W_, may occur
due to adaptations in energy metabolism promoted by
adequate nutrient intake during exercise.
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The combined intake of CHO and electrolytes during
running may significantly improve performance efficiency
and preserve mechanical power throughout exercise.
Carbohydrates provide a rapid and essential energy source
for working muscles, helping to maintain blood glucose levels
and delay the depletion of muscle glycogen, which reduces
neuromuscular fatigue and preserves forcegenerating
capacity (Coggan and Coyle, 1991). Electrolytes, particularly
sodium, potassium, and magnesium, are essential for
maintaining fluid balance and muscle function, preventing
dehydration, cramps, and dysfunction in the muscle
contraction process (Sawka et al., 2007). The combination
of these two elements not only sustains the energy required
by the muscles but also ensures the mechanical efficiency of
movement, maintaining running cadence and form during
prolonged periods (Jeukendrup, 2017). Therefore, the
simultaneous intake of CHO and electrolytes contributes to
greater running economy and more consistent performance
in prolonged exercise.

These findings confirm that an integrated approach
to hydration and nutrition, tailored to physiological and
environmental demands, is essential for optimizing
performance in long-distance running. However, it is
important that fluid and nutrient intake strategies be
personalized, taking into account individual characteristics
such as sweat rate, caloric needs, and gastrointestinal
absorption capacity, to avoid adverse effects such as
gastrointestinal discomfort (Jeukendrup, 2017).

Despite the numerous studies published in the
literature, the relativization of W__ by total body mass
has been little investigated. There is evidence suggesting
that humans do not appear to be geometrically similar,
which leads different researchers to experimentally
find varying allometric exponent values (Batterham
and George, 1997; Vanderburgh and Dooman, 2000),
encouraging continued exploration to better understand
this phenomenon. Moreover, to our knowledge, no study
has investigated the effect of the allometric model on
the relationship between isotonic intake and mechanical
work in long-distance runners. Consequently, the present
study aimed to investigate, allometrically, the relationship
between isotonic intake and mechanical power in long-
distance running. Considering that muscular fatigue
during longdistance running leads to alterations in running
technique (Borgia et al., 2022) and increases in energy cost
(Fletcher and Maclntosh, 2017), and that the ingestion of
carbohydrate and electrolytecontaining solutions aids in
preserving fluid and energy homeostasis, it is plausible
that analogous effects would be reflected in mechanical
work. These effects should be demonstrable both with and
without the application of a specific allometric exponent.

METHODOLOGY

SAMPLE

The sample, recruited through voluntary
participation, consisted of 17 regional recreational

runners (8 men and 9 women) aged 20-40 years, with
at least 2 years of experience in long-distance running
(10,000 m), free from musculoskeletal disorders and
not undergoing pharmacological treatment, and with
an average weekly training volume of ~40-50 km. The
sample size of eight participants per sex was determined
based on previous studies (Williams and Cavanagh, 1987;
Tartaruga et al., 2004), using the Computer Programs for
Epidemiologic Analyses (PEPI), with a significance level of
0.05 and a statistical power of 90%. All participants signed
an Informed Consent Form before undergoing laboratory
and field assessments. This study was approved by the
Research Ethics Committee involving Human Subjects
(n°® 1.550.669), in accordance with the Declaration of
Helsinki.

DATA COLLECTION PROCEDURES

All sessions were conducted with a minimum
interval of 3 days and a maximum of 7 days. The subjects
were instructed not to consume caffeine or any type of
stimulant 3 hours before each evaluation, as well as to
avoid engaging in intense physical activities during the
24 hours prior to the tests.

SAMPLE CHARACTERIZATION SESSION

The first session, conducted in a physiomechanics
laboratory, consisted of anthropometric assessments
and the measurement of body fat percentage based on
the methodology of Siri (1993). VO, _ was determined
according to the protocol proposed by Ebbeling et al.
(1991). AFILIZOLA (S30 Paulo/SP, Brazil) scale-stadiometer
with a resolution of 100 g and 1 mm and a capacity of
150 kg, a CALIPER (S3o Paulo/SP, Brazil) skinfold caliper
with a resolution of 0.1 mm, and a STARRETT (Itu/SP,
Brazil) measuring tape of 1 m with a resolution of 1 mm
were used.

RUNNING ECONOMY SESSIONS

To assess the effects of beverage intake on running
performance and mechanical work, participants
completed three road runs over prescribed distances
(11 km for men and 7.3 km for women) on a paved,
flat course without vehicular traffic, conducted in
the vicinity of the physiomechanics laboratory. Each
run was performed under one of three hydration
conditions: ingestion of an isotonic drink, a placebo, or
water. Prior to each road run, participants underwent a
standardized 6 minute running economy laboratory test
ona MOUVEMENT treadmill (RT350, Sdo Paulo, SP, Brazil)
to evaluate baseline physiological and biomechanical
responses. All testing sessions were scheduled to
minimize environmental variation and ensure consistency
across trials. The purpose of the test was to record the
technique electronically (video) and later determine
mechanical power. During each outdoor run, participants
were instructed to hydrate with 500 mL of liquid, with
the type of hydration randomized.

3

Rev Bras Ciénc Esporte. 2026; 48: e20250072



Allometric analysis of isotonic intake and mechanical power in runners

The isotonic drink used for hydration was
commercially obtained, closely reflecting realworld
conditions, and provided 120 kcal, comprising 30 g of
carbohydrates (including 30 g of sugars), 230 mg of
sodium, 60 mg of potassium, and 210 mg of chloride.
For the placebo, an artificially flavored low-sugar drink,
with a taste similar to the isotonic drink, was chosen.
The nutritional composition of the isotonic drinks was
verified by a sports nutritionist through inspection of
the beverage labels. Neither the participants nor the
researchers were aware of which substances were being
ingested during each outdoor run, as both hydration
liquids were provided in identical plastic bottles to
prevent visual identification.

The RE tests consisted of 4 constant submaximal
runs (three with intake following the outdoor run,
and one without intake and without an outdoor run)
(Figure 1), at a 1% incline gradient and constant speed—
the same average heart rate as the first outdoor run.
Ten seconds of video footage in the right sagittal plane,
starting at the 5th minute of running, were recorded
using a CASIO EX-FH25 10.1MP High Digital camcorder
(Shibuya/Tokyo, Japan) with a sampling frequency of
240 Hz. Nine anatomical reflective markers located on the
5th metatarsal, ankle, heel, knee, hip, shoulder, elbow,
wrist, and head were used for subsequent kinematic
analysis (Tartaruga et al., 2014).

Body mass and blood glucose were measured
before each outdoor run and after each RE test, with
blood glucose determined from 20 pL of capillary blood
collected from the right index finger using the Accu-Chek
Active Glucose Meter Kit (Roche, Sdo Paulo, Brazil). Both
variables were considered key control measures in the
study. Subjective perceptions of effort (RPE) were also
recorded using the Borg Rating of Perceived Exertion
Scale, which ranges from 6 to 20.

DATA PROCESSING

W, _,W_,and W_ were determined according to
the methodology adopted by Tartaruga et al. (2013). The
W.  needed to sustain locomotion comprises positive

tot
W, , which is the work done to accelerate the body

Session 02

Session 01

Sample Characterization 7 days

long-distance runners

isotonic drink
n=17

QOutdoor Run + RE Test with water

Session 03

RE Test

Figure 1. Experimental design.

Outdoor Run + RE with placebo

Qutdoor Run + RE Test with

segments relative to body centre of mass, and positive
W_, which is the work done to lift and accelerate the
body centre of mass relative to the environment (Cavagna
and Kaneko, 1977). This was computed from mechanical
energies of the body segments determined from segment
kinematics (Cavagna, 2010).

The determination of W, requires computation of
the instantaneous kinetic energy (KE) of each segment
relative to the body centre of mass (KEr). This was
performed as follows (Equation 2):

KEr = Yamv? + YsmV?, + VsmK’w )

where m is the mass of the segment, vap,r and vy,r are
the antero-posterior and vertical components of the
linear velocities of each segment relative to body centre
of mass velocities, K is segment radius of gyration, and w
is angular velocity of each segment. Instantaneous KEr of
each segment within the same limb was then summed
to give the kinetic energies of the upper and lower limbs,
and the head-trunk. Internal work of each limb and of
the head-trunk is then obtained by summing the positive
increments of the KE curve of each limb and of the head-
trunk segment separately over an integral number of
strides. Overall W,_ is then obtained as the sum of the
internal work of each limb and the head-trunk segment.
This computational scheme assumes energy transfers
take place between segments of the same limb but not
between limbs or between the trunk and limb.

The determination of W__ requires computation of
the instantaneous total mechanical energy of the body
centre of mass (ECM). This was performed as follows
(Equation 3):

ECM = Mgh + %MV’ap + aMV?v 3)

where M is total body mass, g is gravitational acceleration
(9.81 m.s?2), h is height of the body centre of mass, Vap
and Vv are the antero-posterior and vertical components
of the linear velocities of the body centre of mass. W_,
is computed by summing the positive increments in
body centre of mass over the same period as for the
determinationof W_. W _ isobtained from the arithmetic
sum of W, and W__ by applying an approximation of

Data Processing
= 3-day interval
* random choice = Dvideo
* measurements = MATLAB
- body mass
- blood glucose
- SPE
Wint & Wint-alo
Wext & Wext-alo
* after3 days Wiot & Wihot-alo
= measurements
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Koénig’s theorem of mechanics, which states that the
total KE of a multilink system is made up of the KE of the
segments relative to the overall centre of mass, which
makes up W_, and the KE of the overall centre of mass,
which is included in W__ (Cavagna and Kaneko, 1977).

Mechanical work measures were expressed using
the same units as energy cost (Cr; in J.kg®.m1). The
conventional approach of considering only positive
increments in mechanical energy (positive work) and
neglecting negative work was applied. In level locomotion
at a steady speed negative work is equal in magnitude
but opposite in sign to positive work (and hence has no
impact on comparison between groups). An inclusion of
negative works would result in a network of zero which
although mechanically correct is biologically meaningless
and precludes determination of efficiency.

The Dvideo program (UNICAMP/S3o Paulo, Brazil)
(Barros, 1999), version 5.0, was used for the manual
and automatic digitization of kinematic records,
followed by the calculation of mechanical power using
a computational routine developed in MATrix LABoratory
(MATLAB), version R2020b.

The allometric exponents “b” for each group (men
and women) were determined from the logarithmic
function Logy=Loga+bLogx, whereyisVO, _ (inliters
per minute) and x is body mass (in kg). Consequently, the
equations of the lines with their respective regression
(slope) coefficients were obtained (Tartaruga et al., 2004).
Based on the allometric exponents, the new mechanical
power values were determined.

SAMPLE CHARACTERIZATION SESSION

STATISTICAL ANALYSIS

The Shapiro-Wilk test was applied to verify the
normality of the data, and descriptive statistics were
performed, including mean and standard deviations.
Finally, paired Student’s t-tests and Repeated Measures
Analysis of Variance (ANOVA) with Bonferroni post hoc
tests were conducted, all with an alpha level of 0.05.
SPSS version 15.0 was used for the analyses. The effect
size was calculated using Cohen’s d, as recommended for
reporting standardized mean differences in experimental
studies. For interpretation, Cohen’s thresholds were
applied: small (< 0.2), medium (= 0.5), and large (> 0.8)
(Cohen, 1988).

RESULTS

Table 1 presents the sample characterization data,
while the results of the pre- and post-test intergroup
comparisons are shown in Tables 2 and 3.

No statistically significant intragroup differences
were observed across the three evaluation sessions
(isotonic, placebo, and water) in either performance
(men: 0:59:58 + 0:14:01, 1:00:45 + 0:14:07, 1:01:06 *
0:13:05; women: 0:53:07 + 0:09:01, 0:56:30 + 0:09:36,
0:55:35+0:11:10) or ratings of perceived exertion (men:
15+3,15+4,16 +4; women: 13+ 4,14 + 2, 14 + 3).
Cohen’s d analysis indicated a small-to-medium effect
size (women: 0.23; men: 0.24).

Table 1. Sample characteristics: mean and standard deviation (SD) for age, body mass, height, body fat percentage,

and maximal oxygen uptake (VO,

) of 17 long-distance runners.

. 8 Men 9 Women
Variable

Mean Mean SD

Age (years) 28 +11 32 +6
Body Mass (kg) 70.6 +10.0 62.8 +6.7
Height (m) 1.74 +0.03 1.65 +0.04
Body Fat (%) 12.7 +3.94 17.7 4.4

VO,  (mlkg™min?) 58.2 +6.71 48.7 +3.9

Zmax

Maximal oxygen uptake (VO, ).

Table 2. Mean and standard deviation (SD) of body mass and blood glucose concentrations before and after the

evaluation session in 17 long-distance runners.

Variable 8 Men 9 Women
PRE Isotonic Placebo Water Isotonic Placebo Water
Body Mass (kg) 709+10.4 69.8 + 10.0 71.1+10.3 63.2+6.9 62.9+7.1 63.2+7.3
Glycemia (mg/dL) 94.5+16.5 94.0+12.2 101.0+19.0 95.0+11.7 100.2 +10.1 97.7+14.4
POST Isotonic Placebo Water Isotonic Placebo Water
Body Mass (kg) 70.4 +10.3* 69.2 +10.2* 70.3 +9.7* 62.7 +6.8* 62.5+6.8* 62.8+7.4%*
Glycemia (mg/dL) 96.4+11.6 93.4+15.0 93.7+10.3 101.9+26.5 96.0+18.1 96.1+9.5

*Statistically significant differences pre and post (p < 0.05).
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Table 3. Mean and standard deviation (SD) of the mechanical variables measured in 17 long-distance runners.

Without fatigue Isotonic Placebo Water
8 Men (14.1 £ 2.34 km'h™) SL (m) 1.80+0.33 1.84£0.34 1.84 +0.32 1.78 £ 0.30
Wint (Jkgtm™) 0.64 £ 0.02 0.63+0.03 0.63+0.03 0.65 + 0.03
Wint (J'’kg%?"m™) 1437+ 1.74 14.10+1.52 14.14+1.70 14.51+1.54
Wext (J'kgm™) 1.47 £ 0.05 1.45+0.04 1.45+0.05 1.48 £ 0.06
Wext (J'kg®?m?) 32.89+3.82 32.40+3.41 3248 £3.73 33.13+£3.42
Wtot (J’kg'm™?) 2.11+0.07 2.08 +£0.07 2.08 +0.08 2.13+0.09
Wtot (J’kg®?m™) 47.26 £ 5.56 46.50+4.93 46.62 +5.43 47.64 + 4.96
9 Women (10.0 + 1.03 km.h-1) SL (m) 1.25+0.18 1.22£0.20 1.23+0.18 1.21+0.20
Wint (Jkgtm™?) 0.66 + 0.05 0.68 + 0.07 0.67 £ 0.05 0.68 + 0.05
Wint (J'kg%>*m?) 4.46+0.34 4.58 +0.47 4.54+0.41 4.54 £ 0.40
Wext (J'kgtm™?) 1.51+0.09 1.54£0.12 1.53+0.09 1.53+0.09
Wext (J'kg®5+m?) 10.13+0.64 10.35+0.87 10.27 £ 0.78 10.28 £ 0.75
Wtot (J’kgtm™) 2.17+0.14 2.22+£0.19 2.20+0.14 2.21+0.14
Wtot (J'kg®5*m?) 14.59 £ 0.99 1493 +1.35 14.80+1.19 14.82 +1.15

Note: SL = Stride Length. No significant intragroup differences were observed in the mechanical variables between the experimental

conditions with and without allometric scaling.

The allometric exponents found were 0.27 for men
and 0.54 for women. The differences in exponential
values are specific to each subject group due to variations
in maximal and submaximal metabolic rates between
groups, as well as their sensitivity to body mass and
surface area of each subject, as verified by Rubner (1883)
and Kleiber (1947).

DISCUSSION

The present study aimed to investigate the
allometric effect on the relationship between isotonic
intake and mechanical power in long-distance running,
with durations ranging from 45 minutes to 1 hour and 20
minutes. Based on the results, it was found that isotonic
intake during long-distance runs, lasting between 45 and
80 minutes, does not alter mechanical work, determined
allometrically, and does not improve performance.

In sports practice, studies have identified the need
to adopt different allometric exponents to determine the
amount of body mass to be used in the relativization of
mechanical power (Tartaruga et al., 2013). These values
would be specific to different sports (Jensen et al.,
2001) and to special populations (Goosey-Tolfrey et al.,
2003). In this context, it is stated that the relationship
between body mass and mechanical power is used
because there are many types of locomotion, each
requiring a certain amount of body mass to be supported
and moved (Saltin and Astrand, 1967). However, the
most significant justifications for the application of
allometric scaling can be observed in its influence
on body metabolism (Darveau et al., 2002), body
temperature (Gillooly et al., 2001), body fat percentage
(Kusano et al., 1997), body surface area (Tartaruga et al.,
2007), and heat exchange capacity with the external
environment (Jensen et al., 2001) in energy metabolism.

Undoubtedly, each individual exhibits a particularity in
mechanical work due to physiological differences in each
organism. Thus, relativizing mechanical power to total body
mass may lead to errors in assessing and/or comparing
physical fitness between individuals. Anthropometric
characteristics, particularly body fat percentage, can
influence the estimation of allometric exponentsin long-
distance runners, as variations in adiposity modify the
scaling relationship between body size and physiological
variables such as oxygen consumption and running
economy, underscoring the importance of considering
body composition when estimating allometric coefficients
(Lee et al., 2024). In our study, the male group tended
to exhibit higher body mass, stature, and VO,max than
the female group, except for body fat percentage, which
was significantly lower and may explain the observed
differences in allometric exponents.

Despite the importance of allometric application
for determining mechanical power, the present study did
not find statistically significant intragroup differences in
mechanical work between the experimental conditions,
with and without allometric application. In fact, changes
in running mechanics, which would lead to alterations in
running technique, were not observed, as evidenced by
the similar stride length values within groups. According
to Tartaruga et al. (2014), stride length and frequency can
account for approximately 50% of performance in middle-
and long-distance running, highlighting the importance of
running technique. In our study, the average running time
of approximately 1 hour was likely insufficient to modify
running technique due to fatigue, resulting in similar
mechanical values across the experimental conditions.

Fatigue is a multifactorial process that reduces
exercise and sports performance. It can be broadly defined
as the inability to maintain the necessary force and energy
orasareductionin the capacity to generate force or energy.

Rev Bras Ciénc Esporte. 2026; 48: e20250072
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Although fatigue can involve many organic systems,
exercise scientists often consider both central and
peripheral mechanisms in the etiology of fatigue, both
of which contribute to changes in movement technique
and, consequently, to a reduction in skeletal muscle
performance during exercise (Gandevia, 1999).

In any case, muscle glycogen availability is essential
not only for high-intensity exercise but also for long-
duration activities due to its capacity to rapidly provide
energy and delay fatigue (Balsom et al., 1999). Studies
show that carbohydrate intake in the form of isotonic
drinks can improve performance by maintaining blood
glucose levels and providing fast-absorbing carbohydrates
during prolonged exercise (Coyle, 2004). This is particularly
important during efforts lasting longer than 90 minutes,
when glycogen stores begin to deplete (Burke et al., 2011).

However, in our study, despite a trend toward
increased blood glucose levels with isotonic intake, this
elevation was not significant compared to the intake of
other fluids (placebo and water). This is consistent with
the findings of Rehrer et al. (1992), who suggest that, in
runs lasting between 45 and 80 minutes, water intake
may be sufficient for maintaining hydration without
resulting in gastrointestinal discomfort. According to
Sawka et al. (2007), proper hydration is crucial for
maintaining physical performance, but the intake of
electrolyte- or carbohydrate-rich fluids during shorter
periods may not be essential as long as the runner is
adequately hydrated before exercise.

Additionally, the absence of significant differences
in blood glucose levels before and after the evaluation
sessions with and without isotonic intake, combined with
the intermittent exercise duration (less than 2 hours),
likely explains the lack of observed fatigue. Studies
indicate that, for moderate-duration exercise, glycogen
depletionis less critical (Stellingwerff et al., 2019), which
explains the lack of significant impact on mechanical
performance (W, ,W_,andW_ ). The allometry applied
in our study demonstrated that isotonic intake did not
significantly influence mechanical performance, as
fatigue did not manifest. This finding aligns with the
literature, which suggests that water intake, along with
adequate muscle glycogen reserves, may be sufficient to
prevent fatigue in intermittent activities lasting less than
2 hours (Jeurkendrup, 2004).

CONCLUSION

Based on the results, the present study concludes
that the intake of 500 mL of isotonic drink does not
result in significant changes in mechanically determined
allometric power and, consequently, does not significantly
improve performance in long-distance runs lasting
approximately 1 hour. This finding may be related to the
fact that, in exercises lasting less than 90 minutes, muscle
glycogen stores are typically sufficient to meet energy
demands, making additional carbohydrate intake less
crucial for maintaining performance (Burke et al., 2011).

Additionally, adequate hydration with water, without
the need for additional electrolytes or carbohydrates,
may be sufficient to maintain fluid balance and avoid
any performance impairments, as demonstrated by
other studies on moderate-duration exercise (Coyle,
2004; Rehrer et al., 1992). Thus, under moderate running
conditions, water intake can be considered a viable
strategy for maintaining hydration and gastrointestinal
comfort without compromising performance.
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