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ABSTRACT Objective: Physical exercise and neuromuscular characteristics
are essential modulators of total energy expenditure (TEE), and oxygen and car-
bon dioxide gas exchange measurements and subsequent use of the respiratory ex-
change ratio do not fully mirror macronutrient contribution to TEE. The rationales
of the study were to compare oxidative, anaerobic glycolytic, excess post-exer-
cise oxygen consumption (EPOC), and TEE between equivalent bouts of uphill
treadmill running and non-steady-state cycling using an alternative method, and
to determine the relative contribution of lower extremity muscles on TEE. Ma-
terial and Methods: Twenty male participants completed cardiorespiratory and
isokinetic measurements over a one-week interval. Anaerobic energy expendi-
ture was estimated from blood lactate. Results: Perceived exertion for cycling
was greater than running (p=0.005). However, respiratory exchange ratio
(p=0.005), heart rate (p=0.005), EPOC (p=0.001), oxidative energy expenditure
(p=0.001) and TEE (p=0.001) were greater for uphill running compared to cy-
cling. Conclusion: Due to the variations in the metabolic components, i.e., 0x-
idative, EPOC, total energy expenditure calculated using the equations to equate
work output between non-steady cycling and uphill running revealed discrepan-
cies. Additionally, this study also revealed that compared to knee extensor and
flexor muscles, hip muscles had a greater contribution to overall energy expen-
diture during cycling and uphill treadmill running which also enabled the partic-
ipants to generate less energy cost. Per the results of the current study, it would
be more accurate to use the anaerobic glycolytic energy expenditure data rather
than oxygen only measures in the assessment of energy expenditure between these
equivalent exercise modalities.

Keywords: Energy expenditure; oxygen consumption; blood lactate;
excess post-exercise oxygen consumption; training load

OZET Amag: Fiziksel egzersiz ve nsromuskiiler 8zellikler, toplam enerji tiike-
timinin (TET) temel modiilatorleridir ve oksijen-karbondioksit degisiminin 61-
¢lilmesi ve ardindan belirlenen solunum degisim oraninin kullanilmasi, makro
besinlerin TET e olan katkisini tam olarak yansitmamaktadir. Bu galismanin
amaci, is ytikleri esitlestirilmis, hiz1 ve egimi kademeli olarak artis gdsteren bir
kosu band1 ve bisiklet test protokolii esnasinda olusan oksidatif, anaerobik gli-
kolitik, egzersiz sonrasi artan oksijen tiiketimi [excess post-exercise oxygen con-
sumption (EPOC)] ve TET degerlerinin alternatif bir yontem kullanarak
karsilastirilmasi ve alt ekstremite kaslarinin TET e olan katkisini belirlemektir.
Gereg¢ ve Yontemler: Yirmi erkek katilimei birer hafta arayla kardiyorespiratuar
ve izokinetik dlgiimlere tabi tutuldu. Anaerobik enerji harcamasi kan laktat1 61-
¢liimiiyle belirlendi. Bulgular: Bisiklet testi esnasindaki algilanan zorluk dere-
cesi diizeyi, kosu protokoliine gore daha yiiksek bulundu (p=0,005). Ancak kosu
protokolii esnasindaki solunum degisim orani (p=0,005), kalp atis hizi (p=0,005),
EPOC (p=0,001), oksidatif enerji tiiketimi (p=0,001) ve TET (p=0,001) yokus
bisiklet testine gore daha yiiksek bulundu. Senug: Metabolik bilesenlerdeki var-
yasyonlar, yani oksidatif, EPOC, sabit olmayan dongii ve yokus yukar1 kosu ara-
sindaki is ¢iktisini esitlemek igin denklemler kullanilarak hesaplanan toplam
enerji harcamas: tutarsizliklari ortaya ¢ikardi. Ek olarak bu ¢alisma, ayrica diz
ekstansor ve fleksor kaslariyla karsilagtirildiginda, kalga kaslarinin bisiklet ve
egimli kosu bandh testi sirasinda toplam enerji harcamasina daha fazla katki sag-
ladigin1 ve bunun da katilimcilarin daha az enerji maliyeti tiretmesini sagladigini
ortaya koydu. Mevcut ¢alismanin sonuglarina gore bu es deger egzersiz modali-
teleri arasindaki enerji harcamasinin degerlendirilmesinde, sadece oksijen 61-
¢limlerinden ziyade anaerobik glikolitik enerji harcama verilerinin kullanilmasi
daha dogru olacaktir.

Anahtar Kelimeler: Enerji harcamasi; oksijen tiikketimi; kan laktat;
egzersiz sonrasi artan oksijen tiiketimi; egzersiz siddeti
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During physical activities such as cycling and
running, exercising muscles require energy to func-
tion and increase the demand for the total energetic
cost both in an acute and chronic manner.! Numerous
interventions to date have been developed for the
quantification of energy expenditure with different
levels of precision including the measurements of
heart rate (HR) and oxygen uptake since these two
determinants have a strong relationship during these
testing modalities. However, during these research
modalities, the relationship between the energy con-
sumption and HR is linear only within a small range
of just about 90-150 beats.? In addition, measure-
ments of carbon dioxide (CO,) and oxygen (O,) gas
exchange and following use of the respiratory ex-
change ratio (RER) during both cycling and running
efficiency have shown that the contribution of es-
sential nutrients to total energy expenditure (TEE) is
underestimated.® Additionally, although aerobic en-
ergy metabolism constitutes the greatest part of cy-
cling and running performance due to the
predominant activation of the lower extremity mus-
cles, the disparity between their patterns of muscle
mobilization facilitates various anaerobic and aero-
bic contributions to total energy consumption for ex-
ercise.* Physiological factors, such as motor unit
recruitment patterns during maximal and submaxi-
mal intensities, relative adjustment of cardiac output
to maximum oxygen consumption (VO,,,.,), muscle
mass recruitment in conjunction with oxidative ca-
pacity, central fatigue, and reduction of maximum
strength in addition to HR and oxygen consumption
have been reported to affect cycling and running en-
ergy expenditure.’

Excess post-exercise oxygen consumption
(EPOC), which is used to determine the rate of oxy-
gen intake following strenuous activity, is defined as
the disturbance of the body’s homeostasis related to
exercise. After a prolonged or brief bout of exercise,
EPOC can be divided into two stages: 1) rapid phase
EPOC (within the first minutes of exercise comple-
tion) and 2) prolonged EPOC-lasting multiple hours
after exercise.® During the rapid phase following an
exercise, increases in VO,,,.. promote to increase en-
ergy expenditure and EPOC serves to restore home-
ostasis at this stage. However, EPOC may not mimic
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the contribution of rapid glycolytic adenosine triphos-
phate (ATP)-resynthesis during intense exercise.’
However, the magnitude of EPOC not only relies on
increased O, uptake, but the intensity of the exercise
is also a major component, which is followed by the
duration of exercise, but to a lesser extent.® Thus, the
higher the intensity of exercise the more disrupts our
homeostasis, and exercise intensity is suggested to be
the main contributor to EPOC. However, energy ex-
penditure could not be accurately determined using
oxygen only measures since performance informa-
tion during the brief report would have the potential
to underestimate real energy expenditure. We hy-
pothesized that due to the repeated and rhythmic re-
cruitment patterns of hip and knee muscles during
cycling and running, the metabolic energy systems
are contributing a short bout of cycling and running
uphill at equivalent power outputs would reveal sim-
ilar results, and the muscle strength balance between
these muscle groups would also affect TEE. Due to
the inconsistent evaluation of energy expenditure
using oxygen only measures the current study aimed:
(a) to compare the interactions of skeletal muscle
metabolic energy systems during a short bout of cy-
cling and running uphill at equivalent power outputs
using an alternative method to evaluate energy ex-
penditure and, (b) to verify the relationships of lower
extremity muscle characteristics on these interactions
during these testing modalities.

I MATERIAL AND METHODS
STUDY PARTICIPANTS

Twenty healthy male participants (volunteers) be-
tween the ages of 18 to 26 (21.20+2.17) years old
who maintain regular physical activity and enroll in
the physical education and sports department were
recruited for this study. The anthropometric parame-
ters of participants were (height: 176.35+5.28 cm,
weight: 75.99+8.05 kg, lean body mass: 65.35+4.81
kg, fat mass: 14.04+£4.93 %), respectively. Prior to
participating in the study approved by the Mersin
University Institutional Review Board, all partici-
pants issued written informed consent in accordance
with the ethical requirements of the Helsinki Decla-
ration (Protocol number: 78017789/050.01.04;
2017/92, date of approval: 04.13.2017).
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INSTRUMENTATION AND PROCEDURES

Participants were told about equipment prior to all
study sessions and familiarized with the experimen-
tal procedures. Using bioelectric impedance analysis
(Japan, 418-MA Tanita) before isokinetic strength,
cycling, and uphill treadmill running test sessions, an-
thropometric parameters (body fat mass, lean body
weight, weight) were evaluated. With a stadiometer,
height was measured in the standing position (U.K.,
Holtain Ltd.).

ASSESSMENT OF MAXIMUM OXYGEN
CONSUMPTION PARAMETERS USING CYCLE
ERGOMETER AND TREADMILL

All participants performed incremental treadmill and
cycling tests over a one-week interval with two sep-
arate visits to the laboratory. In the oxygen kinetics
evaluation, the participants randomly performed two
maximum exercise measures on different days for fa-
tigue. A standard Bruce protocol to volitional ex-
CPX,
Germany) was used to determine VO,,,,, of each par-

haustion (CareFusion MasterScreen™
ticipant using a treadmill. This test was also adapted
to determine VO,,,, during cycling using an Ergo-
line Ergoselect 100/200 cycle ergometer. The test
started with a load of 50 Watts and then continued
with a load of 50 Watts increasing every 2 minutes.
Upon completing 250 Watts, the load was increased
by 25 Watts at every 2-minutes for all participants.
Exchange of gas was measured at 10-second exem-
plification times during the VO,,,,, and 1 minute ex-
ercise tests using the MasterscreenTM CPX
metabolic cart. Concentrations of blood lactate were
determined using samples taken in duplicate from the
earlobe at rest and 2 minutes after a seated recovery
(Japan, Kyoto, Lactate Pro 2 LT-1730, Arkray, Inc.).
It was suggested that blood lactate reached a peak
concentration at 2-minutes post-exercise.’ Also, HR
was monitored and recorded using 12-lead electro-
cardiography during treadmill and cycling testing ses-
sions.

ISOKINETIC MUSCLE STRENGTH ASSESSMENT

In the assessment of isokinetic knee peak moments,
the participants were seated on the Humac Norm
Cybex CSMI chair in an upright position. The hips
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and thighs of the participants were stabilized at an
angle of 90° by pelvic and thigh straps during the test
session prior to the isokinetic test session. They ini-
tially performed a warm-up test at 60°/s angular ve-
locity and then accomplished five maximum stress
contractions at a similar velocity to determine isoki-
netic peak torque strength parameters. Participants
were instructed to work on all contractions as hard
and as quickly as possible. The rest of the time be-
tween each contraction was 10 seconds. The ham-
strings-to-quadriceps strength ratios (Hecc/Qcon)
calculated as the peak moment of the hamstrings di-
vided by the peak moment of the quadriceps within
the same limb.

During the fourth visit to the laboratory, the par-
ticipants placed supine on the isokinetic chair with
the chair back fully flattened to measure isokinetic
hip flexion and extension peak moment strength at an
angular velocity of 60°/s. The being tested of the hip
was 0° bending at 90° bending of the knee and se-
cured to the brace. At the level of the femur, the test
thigh was attached to the dynamometer pad. The
untested thigh was fastened at 0° of hip flexion on the
isokinetic chair. The range-of-motion restrictions
were fixed starting from the hip that was neutrally ex-
tended to the hip that was maximally flexed on the
table. The trunk and pelvis were strapped to the iso-
kinetic chair to prevent undesirable movements
throughout the test. Gravitational corrections were
made prior to all test sessions to avoid the effect of
limb weight on moment production.

ISOKINETIC FATIGUE TESTING PROTOCOL

To determine the quotient of hamstring and quadri-
ceps muscles under fatigued conditions, the partici-
pants underwent an isokinetic fatigue testing.
Participants performed 50 maximal bilateral knee
flexion and extension repetitions at 180°/s angular
speed to observe extension and flexion changes under
fatigued conditions. The participants were asked to
perform as quickly as possible and to grasp the han-
dles at the sides of the chair throughout the warm-up
and the test. The knee moment of the limbs was
measured through a range of motion from 90° (knee
flexion) to 0° (full knee extension). Gravity correc-
tion was made before isokinetic test protocol ses-
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sions. The participants underwent the same protocol
for both of their legs during all isokinetic
testing sessions. The percent decline from the for-
mer to the latter repetitions was calculated to deter-
mine hamstring:quadriceps (H:Q) fatigue rate during

isokinetic testing was calculated as follows.!’

(Maximum moment of the first 5 knee bends-maximum
moment of the last 5 knee bends)/maximum moment of
the first 5 knee bends x100.

THE ASSESSMENT OF
TOTAL ENERGY EXPENDITURE

All participants were recruited in the test sessions
twice on separate occasions and reported having re-
frained from vigorous physical activity, at least 3-
hour postprandial, randomly assigned to either a short
run or cycle protocol. Resting oxygen uptake was
recorded for 5-minutes in standing on the treadmill
or sitting mode on the bike prior to the test session.
Resting energy consumption was calculated on the
basis of the RER principle and was removed from all
EPOC and oxygen uptake exercises.

The power generated by the participants during
the bike test was calculated in watts. In the treadmill
test, their vertical work, body weight, and running
speed were taken into account for the estimation of
power. During cycling and uphill running all partici-
pants performed a 1 minute bout of exercise at a work
rate equivalent to 250 Watts following a 5 min rest-
ing oxygen uptake measurement and all participants
were asked to pedal at 60 rpm along with a 1 minute
bout of cycling exercise.

THE ASSESSMENT OF
OXIDATIVE ENERGY METABOLISM

In the assessment of kcal consumed per liter of oxy-
gen expended (kcal per LO,), the RER measurements
registered every minute during the periods corre-
sponded to the table “Thermal oxygen parities about
non-protein respiratory quotient” which allows the
estimation of the percentage of kilocalories (kcals)
derived from carbohydrate and fat.'" The kcals cost
during that minute of exercise was determined on the
basis of the multiplying of Net VO,,,.., by kcals per L
of O,. During all the testing sessions, a metabolic cart
was used to predict the oxidative addition to the total
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energy consumption. As a result, each participant was
to comply with the metabolic cart to measure RER,
2ross VO,,,..« (L/min), and collected VO, (L/min).
The exact VO,,,,., which is the oxygen exhausted
during training (i.e., oxygen exhausted over rest due
to exercise), has been calculated for each minute of
the protocol. Total fat and carbohydrate oxidation
rates were calculated based on the “Thermal equiva-
lents of oxygen for the nonprotein respiratory quo-
tient” table. RER, which is a surrogate of substrate
utilization, was used to determine the rate of lipid ox-
idation."”

The participants performed a run to exhaustion
at a 10% stage with a pace that revealed 250 Watts
and the power output during treadmill running was
attempted to equate based on the formula shown
below: meters:min = [(0.1) ' (body weight in kg) (1,530 kg-
m-min‘)]

DETERMINATION OF EXCESS POST-EXERCISE
OXYGEN CONSUMPTION

Subsequently, the participants sat in a chair next to
the bike or treadmill after a 1 min working period,
and EPOC was enrolled till it fell below the 5 min re-
maining O, uptake measurement. The contribution of
oxidative energy metabolism EPOC to over-all per-
formance was determined by converting glucose ox-
idation to heat as 1 liter of O,=21.1 kJ to complete
glucose oxidation and converting fats to heat as 1 liter
of 0,=19.6 kJ during cycling and uphill running for
further calculations.

THE ASSESSMENT OF GLYCOLYTIC ADENOSINE
TRIPHOSPHATE RE-SYNTHESIS DURING
EXERCISE

After the exercise tests, concentrations of blood lactate
were gathered twice from the earlobe at rest and 2 min
into a seated recovery (Japan, Kyoto, Lactate Pro 2 LT-
1730, Arkray, Inc.) to estimate the contribution of
anaerobic glycolytic energy expenditure. Blood lactate
concentrations of the participants were achieved by
subtracting resting from reach the high point of blood
lactate levels. In the estimation of anaerobic glycolytic
component, only measurements of blood lactate lev-
els (mmoles) were transformed to oxygen parity rates
as 3 ml O, kg! body weight per mmol of Ablood lac-
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tate. The concentration of blood lactate during test-
ing was used to estimate glycolytic contribution to
overall energy expenditure. It was reported that each
1 mmol rising in blood lactate upon resting condi-
tions was close to 3.0 mL of O, oxygen expenditure
per kilogram of body weight.!* The equivalent of O,
was turned into 1 L of O,=21.1 kJ to estimate the con-
tribution of complete glucose oxidation to overall en-
ergy expenditure.

STATISTICAL ANALYSIS

Descriptive data are presented as means and standard
deviation, except where otherwise indicated. A
paired-samples t-test was conducted to compare knee
and hip isokinetic strength characteristics, consump-
tion of aerobic energy, consumption of anaerobic en-
ergy, and consumption of acute recovery energy
between brief bouts of cycling and uphill running
protocols. The correlations between energy expendi-
ture components and lower extremity muscle strength
characteristics were tested using a Pearson product-
moment correlation coefficient. The level of statisti-
cal significance was set at p<0.05 and p<0.001 for all
comparisons. The statistical analysis was carried out
in version 20.0 of the SPSS. (SPSS Inc., Chicago, Illi-
nois, United States). GraphPad Software Graph-
Pad Prism 6 was used for graphical expression.

I RESULTS

Data of neuromuscular characteristics of participants
are shown as meantstandard deviation in Table 1.
Paired-sample t-test analysis revealed significant dif-
ferences between the dominant and non-dominant knee
extension peak moments (273.00+39.69 vs. 234.65+
52.96; t (19)=4.92, p=0.000); and, the dominant and
non-dominant knee flexion peak moments (151.40+

2533 vs. 135.40+£31.27; t (19)=3.22, p=0.000),
respectively.

THE COMPARISON OF PHYSIOLOGICAL VARIABLES
BETWEEN UPHILL RUNNING AND CYCLING

Data on the physiological characteristics of partici-
pants are shown as mean+standard deviation in Table
2. The results of the paired-sample t-test analysis dis-
played significant differences between treadmill and
cycling VO, (41.48+5.28 vs. 48.84+5.00; t (19)=
-10.09, p=0.001); VO,,.. relative to fat free mass
(56.50+4.26 vs. 47.834+5.42; t (19)=-9.73, p=0.001);
RER (1.31£0.08 vs. 1.27+0.07; t (19)=-2.87, p=0.005).
Rate of perceived exertion was found significantly
higher during uphill running compared to cycling
(14.75+1.52 vs. 15.40+1.67; t (19)=2.37, p=0.005). HR
also found higher during uphill running than those dur-
ing cycling (180.30+9.36 vs. 187.25+13.33; t (19)=
-2.36, p=0.005). Despite equivalent power outputs,
EPOC (73.12+23.42 vs. 94.95+14.62; t (19)=-3.87,
p=0.001); oxidative energy expenditure (100.86+16.01
vs. 77.19£24.50; t (19)=-3.97, p=0.001); TEE
(248.55+32.30 wvs. 202.04+50.55; t (19)=-3.42,
p=0.001) was found significantly higher during uphill
running compared to cycling, respectively.

CORRELATIONS BETWEEN MUSCULAR STRENGTH
CHARACTERISTICS AND ENERGY EXPENDITURE

The correlations between energy expenditure com-
ponents and lower extremity muscle strength charac-
teristics were tested using the Pearson product-moment
correlation coefficient. The results of the analysis
showed that H:Q fatigue index of both dominant
(r=0.54, p<0.05), and non-dominant limb (r=0.45,
p<0.05) was positively correlated with cycling
VO, Similarly, H:Q fatigue index of both domi-
nant (r=0.50, p<0.05), and non-dominant limb

TABLE 1: Neuromuscular strength characteristics of participants.

Variable Dominant

Hip extension (Nm) 323.80+73.26
Hip flexion (Nm) 187.20£28.92
Knee extension (Nm) 273.00+£39.69
Knee flexion (Nm) 151.40+25.33
H:Q fatigue rate (%) 43.85+12.12

Non-dominant t value Sig. (p value)
312.10+64.18 0.911 NS
180.85+32.16 1.20 NS
234.65+52.96 4.92 0.000**
135.40+31.27 322 0.005**
41111512 0.754 NS

**p<0.001; NS: Not significant; H:Q: Hamstrings quadriceps.
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TABLE 2: Physiological characteristics of participants (meanzstandard deviation).

Variable Cycling Running t value Sig. (p value)
VOjpmax (MLkg.min-1) 41.48+5.28 48.84+5.00 -10.09 0.001*
VOymax FFM (mL.kg.min-1) 47.83+5.42 56.50+4.26 9.73 0.001*
RER 1.27+0.07 1.31£0.08 -2.87 0.005**
RPE 15.40+1.67 14.75+1.52 2.37 0.005*
HR (beat/min) 180.30+£9.36 187.25£13.33 -2.36 0.005**
Blood lactate concentration (mM) 10.73+£3.20 11.01£3.24 -0.317 NS
EPOC (kj) 73.12423.42 94.95+14.62 -3.87 0.001*
Oxidative (kj) 77.19+24.50 100.86+16.01 -3.97 0.001*
Glycolytic (kj) 51.73+16.42 52.74+16.71 -0.234 NS
Total energy expenditure (kj) 202.04+50.55 248.55+32.30 -3.42 0.001*
Glycolytic/oxidative ratio (%) 1.66+0.79 2.11£0.76 271 0.012*

*p<0.05; **p<0.001; VOyp,4x: Maximum oxygen consumption; VOo o, FFM: Maximum oxygen consumption relative to fat free mass; RER: Respiratory exchange ratio;
RPE: Rate of perceived exertion; HR: Heart rate; EPOC: Excess post-exercise oxygen consumption; NS: Not significant.

(r=0.47, p<0.05) was positively correlated with tread-
mill VO,,,,... On the other hand, hip flexion muscle
strength were found to be negatively significantly
correlated with EPOC (r=-0.47, p<0.05) and oxida-
tive energy expenditure (r=-0.47, p<0.05) during cy-
cling (Figure 1a, Figure 1b).

Also, glycolytic energy expenditure was found
negatively correlated with glycolytic/oxidative ratio
both during uphill running (r=-0.856, p=0.000) and
(r=-0.685, p=0.001) during cycling (Figure 2a, Figure
2b).

I DISCUSSION

Specifically, with higher intensity and/or longer dura-
tion of exercise EPOC gets higher.'* We found in the
current study that the ratio of glycolytic/oxidative ratio
was higher during uphill running compared to cycling
(Figure 2a, Figure 2b). The recruitment of large mus-
cle mass during uphill running might have resulted in
an imbalance of oxygen usage and oxygen delivery
because of anaerobic glycolysis, which leads to lac-
tate accumulation, inefficient glucose usage and sub-
sequently to inadequate ATP production.

As demonstrated by previous research, it has
been reported that the estimation of the total energy
expenditure by the exchange of pulmonary gas alone
may not be the most reliable method due to the al-
leged glycolytic contribution when the exercise
modality consists of high-intensity work.'> However,
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the estimation of EPOC during or after an exercise
generally relies on the measurement of oxygen up-
take and consequently glycolytic ATP re-synthesis is
often neglected when calculating the total energy ex-
penditure.'® Similarly, the results of the current study
revealed that glycolytic ATP re-synthesis accounts for
25.60% of TEE during cycling, and 21.21% during
uphill running. These results were consistent with
previous data that reported that the expenditure of
total energy included a fast glycolytic ATP re-syn-
thesis component of 28 percent for cycling and 17
percent for running.” However, they found no signif-
icant differences in TEE during these testing modal-
ities while the aforementioned data were found
significantly higher during uphill running compared
to cycling in the current study. Thus, despite higher
blood lactate concentrations following uphill running
in our study, the reason as to why glycolytic ATP re-
synthesis signify a bigger addition to TEE for cycling
in proportion to uphill running is may be due to the
quotient of glycolytic ATP re-synthesis to the TEE for
uphill running. Also, the level of blood lactate concen-
tration after a high intensity cycling exercise in the cur-
rent study was found in accordance with the previous
data.!'” Additionally, the use of neither oxygen data
nor respiratory quotient derived using the same exer-
cise modalities showed significant differences be-
tween the components.

Besides being one of the most important factors
in successful sports performance, muscle strength is
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FIGURE 1: The relationships between hip flexion muscle strength and (a) cycling excess post-exercise oxygen consumption and (b) cycling oxidative component.
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FIGURE 2: The relationships between glycolytic energy expenditure and glycolytic/oxidative ratio during (a) uphill running, and (b) cycling.

an important indicator of effective muscular per-
formance.'® On the other hand, the ratio of H:Q mus-
cle fatigue rate both in the preponderant and
non-preponderant member was positively correlated
with cycle and treadmill VO,,,,.. Similar results were
reported between H:Q muscle strength ratio and
VO,,... parameters.'” Despite significant correlations,
the strength characteristics of knee flexor and exten-
sor muscles between the dominant and non-dominant
limbs were also found significantly different while
the participants had similar hip muscle strength. Ad-
ditionally, hip flexion muscle strength was found to
be negatively correlated with EPOC and oxidative
energy expenditure during cycling (Figure 1a, Figure
1b). Previous data argued that the muscular strength
balance of the hip is correlated with running econ-
omy of endurance athletes while it was also noted that
uphill running comes about a tiny swing stage and a
larger rate of the streak cycle spent in the position.?*?!
Previously, it has been reported that if the normal
flexibility of the connective tissue around the joint is
not maintained, a decrease in the range of motion
may occur over a period of time.?? As a result of these
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mechanical differences, the lower limb muscles per-
form higher net mechanical work checked to ground-
level running, and the increased work requirements
of the hip muscles, in particular, are met.” This ac-
counts for the assumption that due to the differences
in muscle mass involved during uphill running, TEE
might have been greater compared to cycling even
during equivalent bouts of exercises. However, as
Table 2 shows, oxygen uptake is not the only way to
measure energy consumption. In other words, the rea-
son why energy expenditure was found to be lower
during cycling can be due to the recruitment of dis-
tinct muscle mass as compared to running, which can
lead to accelerated lactate glycogenolysis, which
plays a significant role in overall ATP re-synthesis.
Additionally, strength asymmetries that occurred in
the knee extensor and flexor muscles might also have
caused a greater energy expenditure during running.
The difference in energy expenditure between similar
cycles and uphill runs may be due to the content of
transfer which aerobic and anaerobic energy during
these trainings, rather than to training and overall
energy consumption.
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I CONCLUSION

Due to the variations in the metabolic components,
i.e., oxidative, EPOC, TEE calculated using the equa-
tions to equate work output between non-steady cy-
cling and uphill running revealed discrepancies.
Nevertheless, the data concerning the glycolytic com-
ponent and blood lactate concentrations derived
using the same protocol did not demonstrate any in-
consistency, although blood lactate is a dynamic
metabolite during exercise. Additionally, this study
also revealed that compared to knee extensor and
flexor muscles, hip muscles had a greater contribu-
tion to TEE during cycling and uphill treadmill run-
ning which also enabled the participants to generate
less energy cost. Per the results of the current study,
it would be more accurate to use the anaerobic gly-
colytic energy expenditure data rather than oxygen
only measures in the assessment of energy expendi-
ture between these equivalent exercise modalities.
Optimizing symmetrical hip, knee extensor, and
flexor muscle strength appear to play a significant
role to maintain optimal running and cycling biome-
chanics, thus generating less energy cost during these
activities.
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