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Abstract: The aim of the present study was to evaluate the effects of arm-crank induced prim-
ing on subsequent 20 min Functional Threshold Power Test among 11 well-trained male cyclists
(188+09years; 182 + 5 cm; 730 + 6.6 kg VOpmax 679 £ 51 mL-kg '-min~!).
Participants completed an incremental test and two maximal performance tests (MPTs) in a random-
ized order. Warm-up prior to MPTj,,, consisted of 20 min aerobic exercise and 25 s high-intensity
all-out arm crank effort was added to warm-up in MPTye,. Constant intensities for the first 17 min
of MPT were targeting to achieve a similar relative fatigue according to participants” physiological
capacity before the last 3 min all-out spurt. Final 3 min all-out spurt power was 4.94 + 0.27 W-kg ™!
ﬁl;,ecfztz)sr and 4.85 + 0.39 W-kg_1 in MPT),,, and MPTyigh, respectively (not statistically different: p = 0.116;
d = 0.5). Blood lactate [La] levels just before the start were higher (p < 0.001; d = 2.6) in MPTj;gp,
(5.6 + 0.5 mmol-L~!) compared to MPTjq,, (1.1 & 0.1 mmol-L~!). According to V'CO, and net
[La] data, significantly higher anaerobic energy production was detected among MPT),,, condition.
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An adequate warm-up is a key aspect of successful and sustainable performance
with better perception and lower risk of traumas [1]. Finding a balance between warm-up
induced activation and physiological benefits remains crucial for every pre-competitive
preparation. In this context, maintaining the muscles in an optimal pre-start condition
plays an important role before each competition [1]. Although higher warm-up intensities
published maps and institutional affil- ~ Can produce a greater priming effect, the selected intensity should not induce fatigue
{ations. among athletes. Therefore, for a beneficial outcome from the warm-up, it is suggested to

apply an individual approach, as the recovery time after warm-up may vary depending on

the individual [2,3].
In addition to increased body and muscle temperature, other systemic changes such as
metabolic, neural, and psychological conditioning are increasingly recognised as beneficial
to optimise performance [1]. According to previous studies, physiological systemic benefits,
such as accelerated oxygen uptake kinetics (V'O;) and inhibited lactate production [4],
distributed under the terms and  Can beinduced by distant muscles, categorised as non-primary for a particular sport [5,6].
conditions of the Creative Commons  OUch priming is carried out on a systemic level and can be achieved despite smaller working
Attribution (CC BY) license (https:// ~ Muscle mass or short effort duration. Studies have shown that pre-loading by the arms can
creativecommons.org/licenses /by / be compared to prior leg sprint exercise [6,7] and induce similar V'O, levels up to 45 min af-
40/). ter high-intensity exercise [8]. Despite clear evidence for physiological changes, there have
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also been contradictory findings stating that non-target muscle priming does not have a ben-
eficial effect on subsequent performance [9,10]. Possible reasons pointed to were inhibited
anaerobic energy contribution, overly intensive warm-up, and insufficient recovery after
warm-up, as well as modified pacing strategies [9,10]. In contrast, performance-enhancing
effects of priming have been prescribed for small muscle group exercise [5] and researchers
are still seeking to define the optimal protocol [9,10].

High-intensity performance requires a high maximal oxygen uptake (V 'Ozmay) for
endurance athletes, but the true challenge is to sustain a high fraction of V'Oypax for a
prolonged time [11]. V'Oypmax alone was not shown to be a good predictor of endurance
performance when athletes of similar endurance ability are compared [12]. In fact economy
at first (VT1) and second (VT2) ventilatory thresholds play a crucial role, since athletes
with nearly identical V 'O,y values can perform at different levels [11].

Aerobic training often improves submaximal thresholds such as VT1 and the VT2
as well as other physiological variables without a concomitant increase in V"Opmayx [13].
The VT2 representative of the maximal lactate steady state (mLSS), has a superior rela-
tionship to endurance performance compared to V'Opax and is suggested to be a better
indicator of aerobic endurance [13]. VT2 and mLSS describe a maximal metabolic steady
state in which lactate production and utilisation are in a fine systemic balance [14] and
improvements of VI2 were shown to enhance performance [15].

Studies have shown that athletes are capable of maintaining VT2 intensity for an
impressive amount of time. Some research limited the capacity to 60 min [16,17] but
others raised discussions about the accuracy of this statement, questioning its physiolog-
ical basis [18]. Considering athletes” individuality and the different research methods,
work duration at mLSS intensity is suggested to be about ~20-60 min but may be depen-
dent on exercise mode and muscle mass involved [16,17]. However, as the power increases
above VT2 intensity, the duration dramatically decreases. Identifying the critical point of
maximal metabolic steady state and predicting performance capability is a main concern
for many athletes, coaches, and sports scientists. Therefore, VI2 and V' Opnax are both
used to select a tailored exercise workload [19,20].

Functional threshold power (FIP) is a frequently used additionally important perfor-
mance quality indicator [21] which is highly correlated to mLSS [21] and relative power
exertion during a mass-start bike race [22]. It is the maximum mean power, which can be
sustained for an approximately 1 h period and is a good predictor of overall performance
capacity [21]. Denham and colleagues [21] found that FTP can be evaluated by a time
efficient 20 min FTP test (FTP20), which predominantly relies on aerobic metabolism [21].
Considering previous suggestions to test upper-body high-intensity pre-loading on more
aerobic distances [10], we decided to use FTP20 to be as cycling-specific as possible for our
evaluation method.

The aim of current study was to develop an applicable warm-up protocol, that athletes
would benefit from during the competition. Secondly, to investigate the effect of upper-
body priming on subsequent primarily aerobic performance. Open-end final spurt was
included as a competitive component, considering suggestions about longer distance,
lower overall intensity, and longer recovery phase before performance (>10 min) [10].
We hypothesised that MP Ty, participants have increased performance and V'O, kinetics.

2. Materials and Methods
2.1. Participants

Eleven competitive well-trained male cyclists (mean = SD 18.8 £ 0.9 years; 182 £ 5 cm;
73.0 £ 6.6 kg; V' Opmax 67.9 £ 5.1 mL-kg~!-min~!) (Table 1) volunteered to participate in
this study. Inclusion criteria were regular cycling at competitive level, male gender, and age
between 18 and 30 years. Exclusion criteria were chronic health issues, disease, or trauma.
The procedures of this study were approved by the local university ethics committee
(290/T-17) in accordance with the Declaration of Helsinki. All participants were required to
give their written informed consent at the first laboratory visit. Participants were instructed
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to arrive at the laboratory in a rested and adequately hydrated state at least 2 h postprandial.
They were asked to maintain their normal diet and avoid ingesting alcohol and caffeine
24 h before each laboratory visit. Moreover, only moderate training loads the day before
each test and maximal efforts at least 3 days before the laboratory visit were allowed.

Table 1. Participants’ characteristics (1 = 11).

Characteristic Mean + SD

Age (years) 18.8 £ 0.9

Height (m) 1.8 £0.0

Weight (kg) 73.0 £ 6.6

Total lean mass (kg) 57.5+4.9

Leg lean mass (kg) 20.8 + 2.1

BMI (kg-m~2) 220419

V' Opmax (mL-kg~1-min~1) 67.9 £5.1

V 'Opmax (L-min~1) 5.0+ 0.6
Pmax (W) 369.0 +47.9
Ventilatory threshold VT1 (W) 181.4 +£43.3
Ventilatory threshold VT2 (W) 295.6 +39.9

BMI—body mass index; V 'Opmax—maximal oxygen consumption.

2.2. Experimental Overview

Participants attended the laboratory on three occasions within a 3-week period,
with each visit being separated by at least 3 recovery days. On the first visit partici-
pants” body composition was measured using dual-energy X-ray absorptiometry (DEXA)
(Hologic Discovery DXA; Massachusetts, USA) and they were introduced to the testing
equipment. To exclude any health risks associated with the maximum stress, all participants
had to perform a specialist supervised incremental cycle ergometer test as the first exertion.
In addition, they were asked to try out manual switching of power intensity with =5 W
and =+ 50 W after completion of the incremental cycle ergometer test, to accustom them to
the Cyclus2 ergometer (RBM Elektronik-Automation GmbH; Leipzig, Germany). On two
subsequent occasions maximal performance tests (MPT) were performed. Gas exchange
variables, heart rate and blood [La] concentration were measured in all tests.

2.3. Incremental Test

On the first visit participants completed a maximal incremental cycle ergometer ex-
ercise test starting at 100 W and increments of 30 W every third minute. Incremental and
experimental tests were performed on a cycle ergometer Cyclus-2. The apparatus was
recently calibrated, and participants used their own bikes which was supported by the
system. The workload was increased until participants were no longer able to sustain the
load. Heart rate was measured continuously in all tests and was stored and analysed in
1 s intervals with a Polar H7 sensor (Polar Electro Oy; Espoo, Finland). Spirometric breath-
by-breath measures (Cortex Metamax 3B, Cortex Biophysik; Leipzig, Germany) were
measured and analysed. Laboratory ambient air temperature was 22 °C and relative
humidity 40%, all measurements were done at the same time of the day for each par-
ticipant. Two gas exchange thresholds (VT1, VT2) were determined by an experienced
researcher considering a disproportionate increase in V'CO; relative to V'O,, ventilation
breakpoints (V-slope), visual inspection of individual plots and respiratory-exchange-ratio
(RER) value. The highest average measured O, during the 30 s period was considered
V'Oomax- The intensity that would require 10% A [VT2 plus 10% difference between the
work rate at VT2 and work rate achieved at the end of the incremental test (WRpeax)] was
subsequently calculated [19,20].

2.4. Experimental Tests

In order to objectively compare performance in two maximal cycling tests under upper-
body pre-load or common warm-up conditions, participants performed both protocols in a
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randomised order. Participants were instructed to complete both maximal tests as quick
as possible.

MPTqy and MPTyep, (Figure 1) protocols started with a similar 20 min warm-up at
40% of Pmax. A 25 s high-intensity all-out arm crank effort (braking weight: 35 g-kg~!
body weight) on an upper-body hand crank ergometer (Monark Ergomedic 849E; Vansbro,
Sweden) was added for the MPTyo, protocol. In both testing conditions, participants
were required to recover from the warm-up for a minimum of 10 min plus self-determined
duration, until they reported readiness for the subsequent maximal performance test.
The 20 min maximal performance bouts started with 17 min of constant work at a con-
trolled pace of 10% A VT2 to cover the possible standard error from determining VT2 and
ensure a gradual increase in blood [La] concentration [18]. During the final 3 min of the
FTP20 performance, athletes were required to perform their self-paced maximal final spurt.
They were provided with a 3 s countdown before the start and instructed to increase the
pace to achieve the maximal exertion by the end of the 20 min.

( )
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Warm-up
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pre-load
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Figure 1. Maximal performance test-low protocol (MPTjqy,) and high protocol (MPTh;gp).

Strong verbal encouragement was provided during both maximal tests.
Remaining time was the only information that cyclists were provided, and participants
were made unaware of implemented power (W); the power display was covered to exclude
any numerical comparison.

Blood [La] concentration (EKF-Diagnostic; Barleben, Germany) was determined for
both conditions at rest (baseline), after the warm-up (immediately after, + 3/, + 5'), after the
anaerobic priming load (immediately after, + 3’, + 4/, + 5/, + 7'), during the test (immediately
before, + 5/, + 10/, + 15’), and during recovery (immediately after MPT, + 3/, + 4/, + 5/,
+7',+9, + 11, + 13/, + 15') (total of 21 samples in MPTy;sp and 16 in MPTy,,, protocol).
Arterialised blood samples (20 uL) were taken from a pre-warmed fingertip. The finger
was always cleansed with alcohol, and the first drop of blood was removed to prevent
contamination of the sample. At the same time as the [La] measurements, participants
were asked to evaluate their overall and muscle fatigue using the 20-point Borg scale [23].
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2.5. Statistical Analyses

Data management and analysis were performed using IBM SPSS Statistics Data Editor
23.0 (New York, USA). The distribution of each variable was examined for the assump-
tion of normality using the Shapiro-Wilk test, visual inspection of descriptive statistics,
and z-score. All measured data was considered normally distributed. Parametric methods
such as paired samples t-test and 2-way repeated measures ANOVA test with p < 0.05 as
the level of significance were used to explore, investigate the data, and compare groups,
because all measured data was normally distributed. Correlations were determined using
Pearson’s correlation coefficient (r). The magnitudes of the correlation coefficients were
stratified into groups comprising negligible (r < 0.30), low (0.30 < r < 0.50), moderate (0.50
< r < 0.70), high (r > 0.7) [24]. Data are expressed as mean =+ standard deviation (SD),
presented with effect size (1?) and confidence intervals (CI). Effect size of Cohen d = 0.2
was considered as ‘small’, d = 0.5 ‘medium’, and d = 0.8 ‘large’ [25]. Partial Eta squared for
two variables in repeated measures n2 < 0.04 was considered ‘small’, nz = 0.25 ‘moderate’,
and n? > 0.64 ‘strong’ [26].

A prior power analysis was performed using G*Power© software (version 3.1.9.2,
2017) for comparison between two independent means. This was based on previously
reported effect sizes 1.6 [9] and 1.7 [27], an alpha criterion of 0.05, and power of 0.8.
Beforehand analysis indicated that a total of 7 participants were required to reach 0.8
statistical power with an aim of 4.7 and 5.0 W-kg ! with standard deviation 4 0.2.

3. Results
3.1. Self-Paced Finish

Participants completed both tests with initial 17 min mean power of 4.2 & 0.5 W-kg 1.
Last 3 min self-paced finish MPT),,, mean power was 4.94 & 0.27 and 4.85 =+ 0.39 W~1<g_1 in
MPTyign, respectively, which was not statistically different (p = 0.116; d = 0.5;
Clgs9, = [—0.0, 0.3]) (Figure 2). Strong correlations occurred between MPT),,, self-paced
finish power and incremental test values of V'Oapax (mL-kg™!-min~') (p = 0.005; r = 0.78),
maximal relative power (W-kg 1) (p = 0.011; r = 0.73), and 10% A VT2 (p = 0.016; r = 0.70).
Self-paced finish power was not correlated with self-selected recovery time after warm-
up, even though recovery time after warm-up was significantly longer in the MPT;gp,
condition as the strenuous priming exercise significantly delayed the feeling of readiness
from 813 + 138 s in MPTy,y, to 958 + 226 s in MPTyep, (p = 0.011; d = 0.9; Closy, = [42, 249]).
A detailed data set regarding splits is presented in Table 2.

5.5

5.0

4.5 o

4.0 ®

Mean power [W-kg—"]

3.5 T T
MPT ow MPThigh

Figure 2. MPT performance (power output) in final spurt of MPT),,, and MPTpg,.
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Table 2. Physiological changes throughout MPTs (1 = 11).

Stage Parameter MPT)w MPThigh p-Value Effect zllz)e 5%
Warm- Mean power (W-kg’l) 147.6 +19.1 147.6 £19.1
up Recovery time (s) 813 + 138 958 + 226 0.011* 0.94 (41.7 to 249.2)
Before V'O, (L-min~!) 0.6 +0.1 0.6 +0.1 0.640 0.14 (—0.1 t0 0.2)
start V'CO, (L-min~1) 05+0.1 05+0.1 0.955 0.02 (—0.1t0 0.1)
[La] (mmol-L~1) 11404 56+17 <0.001 ** 2.67 (34t05.7)
MPT 5 V'O, (L-min~1) 37406 37405 0.434 0.25 (~0.1 t0 0.3)
V'CO, (L'min~") 39408 34405 0.098 0.55 (~0.1 to 1.1)
[La] (mmol-L~) 52408 68+ 1.1 <0.001 ** 1.55 (0.9 to 2.4)
Net [La] increase 40+08 12407 <0.001 ** 1.72 (1.7 to 4.0)
(mmol-L™)
MPT 10/ V'O, (L-min~1) 43406 42405 0.580 0.17 (—0.1 t0 0.2)
V'CO, (L-min~1) 42406 42405 0413 0.26 (—0.1 t0 0.3)
[La] (mmol-L—1) 62+1.1 6.6+ 18 0.191 042 (—0.3t0 1.2)
Net [La] increase 12402 —02+16 0.011 * 0.93 (0.4 to 2.4)
(mmol-L7)
MPT 15/ V'O, (Lmin~1) 43+£07 43405 0.451 0.23 (=0.1 t0 0.3)
V'CO, (L-min~1) 43+£07 42405 0.331 0.31 (—0.1 t0 0.3)
[La] (mmol-L~1) 6.6+15 69 +2.1 0.530 0.20 (—0.7 to 1.3)
Net [La] increase 04+08 02409 0713 011 (~0.8to 1.1)
(mmol-L™)
MPT 20' V'O, (L-min1) 46+06 46+05 0.804 0.08 (—0.2 t0 0.3)
V"CO, (L'min~") 49406 48406 0.456 0.23 (~0.2 to 0.4)
[La] (mmol-L~1) 11.6 +27 9.8+34 0.073 0.60 (—0.2 to 3.8)
Net [La] increase 50+2.1 29423 0.015 * 0.88 (0.5 t0 3.7)
(mmol-L™")
A
Performance o8¢ powivle steady 42+05 42+05
W-kg™)
Ave“"(%f,?l’(?ff;aﬂ-out 494+£027  4.85+039 0.308 0.32 (0.1 t0 0.3)
[Lanet] (mmol-L~1) 10.8 £ 2.9 54+26 <0.001* 216 (~7.1to—3.7)
[Lamay] (mmol-L ) 11.9+28 11.1+27 0.200 0.41 (—0.5 to 2.3)

MPTj,—maximal performance test without prior loading; MPTy;g,—maximal performance test with prior
loading; CI—confidence interval of the difference; *—p < 0.05; **—p < 0.001.

3.2. Blood Lactate Concentration

The MPTyg group was subjected to 25 s all-out arm crank exercise (mean power
259 + 42 W), which elevated [La] to 8.1 + 0.3 mmol-L™! in the sixth minute after arm-
crank exercise. Although participants recovered until full readiness to perform, [La] levels
before the start were still elevated at 5.7 + 0.5 mmol-L~! and significantly higher in
MPThgn compared to MPT),,, at 1.1 4 0.1 mmol-L~! (p <0.001; d = 2.6; Clgse, = [3.4, 5.7])
(Figures 3 and 4). Priming arm-crank exercise and longer recovery time significantly in-
fluenced the subsequent time course of [La], as [La] values changed differently over time
(p < 0.001; 12 = 0.51). Calculating the anaerobic contribution for each performance showed
a significantly higher net [La] increase per mean Wokg_1 in MPT,,, during the first 5 min
(p <0.001; d = 1.6), the second 5 min (p = 0.008; d = 1.0), and the final 5 min of performance
(p =0.019; d = 0.8). Moreover, the interaction between calculated anaerobic values was also
significant (p = 0.003; 12 = 0.37), meaning body metabolic rates differed over time between
both performances. Despite the differences in metabolic rates, no correlations were found
between the last 5 min [La] and mean power during the final spurt (p > 0.05; n? < 0.50).
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Figure 4. Net [La] increase during MPTs.

3.3. Spirometry

Although an all-out arm crank priming exercise was imposed in MPTyg},, the self-
selected recovery was sufficient to erase the elevated V'O, level. The values at the start
did not differ between MPTyo, with 0.59 + 0.12 L-min~! compared to 0.56 = 0.13 L-min !
in MPTyoy (p = 0.640; d = 0.1; Clgs9,=[—0.11, 0.17]). Between-group effects were also
insignificant (p = 0.57; n? = 0.73) throughout the tests. Calculation of metabolic economy
was conducted by relating V'O, to mean power for each split but showed no significant
difference between groups throughout the tests (p > 0.05).

V'CO; values were not different at the start between MPT;g, with 0.53 + 0.11 L-min~!
compared to 0.53 + 0.13 L-min~! in MPT),, (p = 0.96; d = 0.02) and the between-group
effect was insignificant (p = 0.15; 1% = 0.15) throughout the test. RER values demonstrated
a steady-state (Figure 4) from minutes 10 to 17 of the maximal performance up to the final
spurt and reached its peak by the end of performance with no significant between-group
effect (p = 0.39; 1 = 0.10). A visualisation of spirometric values shown in Figure 5.
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V02 [1.min?]

VE [Lmin*]

VCOo2 [l.min!]

10 min 15 min 20 min 0 min S min

(a) (b}

05
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(d)

Figure 5. (a) Oxygen uptake (V'O,); (b) carbon dioxide output (V'CO,); (c) ventilation (V E); (d) respiratory exchange ratio
(RER), after a usual low intensity warm up (MPT),,,) and an additional 25 s all-out arm crank priming pre-load (MPTpjgp).

3.4. Perceived Exertion

Reported muscle type readiness which felt convenient to start the exertion was indi-
cated by 8.1 + 1.7 points in MPTy;g, compared to 7.1 & 1.4 in MPT,,, (p = 0.031) according
to the Borg 20-point scale. Reported overall readiness was found insignificantly (p = 0.126)
higher at 8.0 & 1.5 points in MPTyo, compared to 7.1 & 1.4 points in MPTy,,, respectively.
Between-group effects during 15 min of recovery after the maximal performance were
insignificant for overall fatigue (p = 0.80; n? = 0.02) and muscle fatigue (p = 0.12; n? =0.01),
meaning no subjectively determined benefit related to recovery could be pointed to in
either case.

4. Discussion

The aim of this study was to investigate the effect of upper-body priming exercise
prior to a 20 min Functional Threshold Power Test. Returning to the hypothesis posed at
the beginning of this study, it is now possible to state that starting the race with elevated
[La] from the same fatigue level as the non-primed group neither showed a beneficial nor
an impairing effect regarding relative power or recovery although net lactate increase was
clearly diminished in MPTygp, also no difference in V'O, kinetics could be observed.

The findings of the current study are consistent with those of Baker and colleagues [28]
who found that aerobic metabolism and energy production are able to support extremely
high muscle force application and power outputs—meaning that a preceding high-intensity
bout or a preliminary race will not necessarily impair a subsequent time trial.

As the race progresses, aerobic energy production becomes more dominant. Figure 3
presents an overview of [La] changes throughout the MPTs. [La] change during the
first 5 min of MPTy,;g, was significantly lower, which means that the same performance
could be delivered with less anaerobic metabolism. If an increased demand for aerobic
energy production could be less strenuous than anaerobic production, then lower overall
fatigue during the start phase could be maintained. Apparently, this gives some space for
higher intensity at the start, although this is not supported by a recent study [10]. Moreover,
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from Figure 3 it is obvious that in MPT,,, a markedly higher anaerobic energy contribution
during the final 5 of the race could be performed, although [La] levels after 15 min were
not significantly different between both interventions (p = 0.53; d = 0.2). We suggest that
participants are used to a gradual increase of [La] such as in MPT),,,, whereas in MPTygp,
[La] values already plateaued at significant levels and anaerobic energy contribution may
have been already depleted/inhibited to some part by the beginning of the final spurt.
Although FTP20 is predominantly aerobic [21], possibly the duration was still not long
enough to bring out beneficial effects of priming.

The current findings make it clear that a poor pacing strategy [9] cannot be the reason
for priming a non-beneficial effect as both groups were paced to the same fatigue levels
using the same strategy and a fixed pace. During the last 3 min, a cycling competition
reaches its culmination where no pacing can be rationalised as an all-out strategy is most
common. Pacing should instead be timed at greatest physiological response achieved by
priming and should be used as a tool to realise the potential. The 5 min split analysis did
not indicate significant difference between spirometric variable levels, although additional
analyses showed statistical differences in V'O,, RER, and VE parameters during the first
2 min of MPT between both groups. In combination with a suitable choice of intensity a
significant improvement may be suggested due to the priming.

Correlation analysis showed that MPTy,,, was correlated with variables from the
incremental tests such as V' Ozpax (mL-kg_l -min~!), maximal relative power (W~kg_1),
and 10% A VT2 for the first 17 min. Since MPTye, did not correlate with any of these
values, it is suggested that performance becomes less predictable after priming exercise and
can easily diminish previous training. However, many studies [7,19,20,29] have shown the
physiological advantages of priming, although they cannot guarantee any improved results
during an actual race [30]. In this case, we still suggest pre-load to have beneficial effects,
which are highly individual and rather empirical methods are needed to distinguish such
effects in every single athlete. For example, four participants (26.7%) benefited from the
priming and developed higher mean power during last 3 min of the final spurt in our study.
A possible explanation for this might be the neuromuscular excitability, which was induced
on central level, since priming was performed with non-primary muscle groups. However,
previous studies prescribed neuromuscular potentiation mainly to single repetition or
sprint exercise, but endurance sport on submaximal level is not common [3].

Furthermore, the specific sport should be re-evaluated as maybe the priming produced
by bigger muscle mass can elevate [La] levels to a greater extent without causing significant
fatigue. Reverse circumstances compared to our study such as applied by Birnbaumer
et al. [5] may be more favourable to successfully increase performance.

In our study, aerobic energy contribution was facilitated at the expense of anaerobic
energy. A more economical power production due to a primed aerobic metabolism could be
beneficial in case of an energy deficit during longer distances among comparable athletes
and saving more energetic reserves for the competition state. Perceived exertion data,
overall fatigue, and peak heart rate lower than HRp.x indicated that the FTP20 is too
short to induce energy depletion. Furthermore, Borg values showed statistically significant
changes for reported leg muscle fatigue levels at determined readiness to perform, but at
the same time reported overall fatigue did not show any statistical difference. Certainly,
the practical significance of a 1-point difference is not highly relevant, although it can give
an idea of altered perception after priming and that athletes are less dependent on muscle
fatigue rather than overall fatigue when determining readiness to perform. This can give
some confidence for further studies to feel free to use higher loads for priming effects as
muscle alterations cannot be the primary reason to limit readiness to perform.

The findings of this study are subject to at least two limitations. Although power
calculation showed our sample size to be enough, total number of 15-20 participants would
allow us to use regression analysis, which could be even more informative. Secondly,
some of the participants did not switch power during the final all-out spurt although
preferring to add more watts.
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5. Conclusions

In summary, priming effect is considered smaller than previously suggested and no
substantial performance enhancing warm-up protocol could be developed from the current
study design. Although priming does decrease anaerobic energy production which in
turn promotes aerobic energy production, these changes neither improved nor decreased
competitive performance.

Author Contributions: Conceptualisation, D.V., PP, PH., ].M. and ].].; methodology, D.V., PP, P.H.
and J.M.; software, D.V,, PP. and ].M.; validation, D.V., PP, PH., ] M. and ].J.; formal analysis, D.V.,
PP. and PH.; investigation, D.V., P.P. and P.H.; resources, D.V., PP. and ].M.; data curation, D.V.,
P.P. and PH.; writing—original draft preparation, D.V.; writing—review and editing, D.V., PP, PH.
and ].J.; visualisation, D.V.; supervision, P.P.,, PH. and ].].; project administration, D.V., P.P. and PH.;
funding acquisition, J.J. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Estonian Ministry of Education and Science Institutional
Grant. PRG 1120; PUT1395G.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Ethics Committee of University of Tartu
(290/T-17; 18 February 2019).

Informed Consent Statement: Prior to any data collection, verbal and written informed consent was
obtained from each participant.

Data Availability Statement: Data are contained and available within this manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  McGowan, C.J.; Pyne, D.B.; Thompson, K.G.; Rattray, B. Warm-Up Strategies for Sport and Exercise: Mechanisms and Applications.
Sports Med. Auckl. N. Z. 2015, 45, 1523-1546. [CrossRef] [PubMed]

2. Hodgson, M.; Docherty, D.; Robbins, D. Post-Activation Potentiation: Underlying Physiology and Implications for Motor
Performance. Sports Med. 2005, 35, 585-595. [CrossRef]

3. Seitz, L.B.; Haff, G.G. Factors Modulating Post-Activation Potentiation of Jump, Sprint, Throw, and Upper-Body Ballistic
Performances: A Systematic Review with Meta-Analysis. Sports Med. 2016, 46, 231-240. [CrossRef]

4. Miiller, A,; Tschakert, G.; Moser, O.; Groschl, W.; Hofmann, P. High-Intensity Exercise Warm-up, Inhibition of Glycolysis, and Its
Practical Consequences. Sci. Ski. IV 2013, 4, 224-230.

5. Birnbaumer, P,; Miiller, A ; Tschakert, G.; Sattler, M.C.; Hofmann, P. Performance Enhancing Effect of Metabolic Pre-Conditioning
on Upper-Body Strength-Endurance Exercise. Front. Physiol. 2018, 9, 963. [CrossRef] [PubMed]

6. Bogdanis, G.C.; Nevill, M.E.; Lakomy, H.K. Effects of Previous Dynamic Arm Exercise on Power Output during Repeated
Maximal Sprint Cycling. . Sports Sci. 1994, 12, 363-370. [CrossRef] [PubMed]

7.  Bohnert, B.; Ward, S.A.; Whipp, B.J. Effects of Prior Arm Exercise on Pulmonary Gas Exchange Kinetics during High-Intensity
Leg Exercise in Humans. Exp. Physiol. 1998, 83, 557-570. [CrossRef]

8. Burnley, M.; Doust, ].H.; Jones, A.M. Time Required for the Restoration of Normal Heavy Exercise VO, Kinetics Following Prior
Heavy Exercise. |. Appl. Physiol. 2006, 101, 1320-1327. [CrossRef] [PubMed]

9. Purge, P; Hofmann, P; Merisaar, R.; Mueller, A.; Tschakert, G.; Méestu, J.; Jiirimée, J. The Effect of Upper Body Anaerobic
Pre-Loading on 2000-m Ergometer-Rowing Performance in College Level Male Rowers. |. Sports Sci. Med. 2017, 16, 264-271.

10. Valiulin, D.; Purge, P.; Hofmann, P; Mdestu, J.; Jiirimde, J. Effect of Short-Duration High-Intensity Upper-Body Pre-Load
Component on Performance among High-Level Cyclists. Sci. Sports 2021. under review.

11.  Ghosh, A.K. Anaerobic Threshold: Its Concept and Role in Endurance Sport. Malays. ]. Med. Sci. 2004, 11, 24-36.

12. Morgan, D.W.; Baldini, ED.; Martin, P.E.; Kohrt, WM. Ten Kilometer Performance and Predicted Velocity at VO, 5« among
Well-Trained Male Runners. Med. Sci. Sports Exerc. 1989, 21, 78-83. [CrossRef] [PubMed]

13.  Allen, WK; Seals, D.R.; Hurley, B.E; Ehsani, A.A.; Hagberg, ] M. Lactate Threshold and Distance-Running Performance in Young
and Older Endurance Athletes. |. Appl. Physiol. 1985, 58, 1281-1284. [CrossRef]

14. Tschakert, G.; Hofmann, P. High-Intensity Intermittent Exercise: Methodological and Physiological Aspects. Int. . Sports Physiol.
Perform. 2013, 8, 600-610. [CrossRef] [PubMed]

15. Bacon, A.P; Carter, R.E.; Ogle, E.A.; Joyner, M.]. VOpnyax Trainability and High Intensity Interval Training in Humans:
A Meta-Analysis. PLoS ONE 2013, 8, €73182. [CrossRef] [PubMed]

16. Gavin, T.P; Van Meter, ].B.; Brophy, PM.; Dubis, G.S.; Potts, K.N.; Hickner, R.C. Comparison of a Field-Based Test to Estimate

Functional Threshold Power and Power Output at Lactate Threshold. ]. Strength Cond. Res. 2012, 26, 416—421. [CrossRef]
[PubMed]


http://doi.org/10.1007/s40279-015-0376-x
http://www.ncbi.nlm.nih.gov/pubmed/26400696
http://doi.org/10.2165/00007256-200535070-00004
http://doi.org/10.1007/s40279-015-0415-7
http://doi.org/10.3389/fphys.2018.00963
http://www.ncbi.nlm.nih.gov/pubmed/30079032
http://doi.org/10.1080/02640419408732182
http://www.ncbi.nlm.nih.gov/pubmed/7932946
http://doi.org/10.1113/expphysiol.1998.sp004138
http://doi.org/10.1152/japplphysiol.00475.2006
http://www.ncbi.nlm.nih.gov/pubmed/16857864
http://doi.org/10.1249/00005768-198902000-00014
http://www.ncbi.nlm.nih.gov/pubmed/2927305
http://doi.org/10.1152/jappl.1985.58.4.1281
http://doi.org/10.1123/ijspp.8.6.600
http://www.ncbi.nlm.nih.gov/pubmed/23799827
http://doi.org/10.1371/journal.pone.0073182
http://www.ncbi.nlm.nih.gov/pubmed/24066036
http://doi.org/10.1519/JSC.0b013e318220b4eb
http://www.ncbi.nlm.nih.gov/pubmed/22233784

J. Funct. Morphol. Kinesiol. 2021, 6, 88 11 of 11

17.

18.

19.

20.
21.
22.
23.
24.
25.
26.
27.
28.

29.

30.

Morgan, P.T.; Black, M.I; Bailey, S.J.; Jones, A.M.; Vanhatalo, A. Road Cycle TT Performance: Relationship to the Power-Duration
Model and Association with FTP. J. Sports Sci. 2018, 37, 902-910. [CrossRef]

Jones, AM.; Burnley, M.; Black, M.I; Poole, D.C.; Vanhatalo, A. The Maximal Metabolic Steady State: Redefining the ‘Gold
Standard’. Physiol. Rep. 2019, 7, €14098. [CrossRef] [PubMed]

Bailey, S.J.; Vanhatalo, A.; Wilkerson, D.P.; Dimenna, EJ.; Jones, A. M. Optimizing the “Priming” Effect: Influence of Prior Exercise
Intensity and Recovery Duration on O2 Uptake Kinetics and Severe-Intensity Exercise Tolerance. J. Appl. Physiol. 2009, 107,
1743-1756. [CrossRef]

Burnley, M.; Davison, G.; Baker, ].R. Effects of Priming Exercise on VO, Kinetics and the Power-Duration Relationship. Med. Sci.
Sports Exerc. 2011, 43, 2171-2179. [CrossRef] [PubMed]

Denham, J.; Scott-Hamilton, J.; Hagstrom, A.D.; Gray, A.]J. Cycling Power Outputs Predict Functional Threshold Power And
Maximum Oxygen Uptake. J. Strength Cond. Res. 2020, 34, 3489-3497. [CrossRef] [PubMed]

Serensen, A.; Aune, T.K.; Rangul, V,; Dalen, T. The Validity of Functional Threshold Power and Maximal Oxygen Uptake for
Cycling Performance in Moderately Trained Cyclists. Sports 2019, 7, 217. [CrossRef] [PubMed]

Borg, G. Subjective Aspects of Physical and Mental Load. Ergonomics 1978, 21, 215-220. [CrossRef]

Mukaka, M. A Guide to Appropriate Use of Correlation Coefficient in Medical Research. Malawi Med. |. 2012, 24, 69-71. [PubMed]
Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Lawrence Erlbaum Associates: New York, NY, USA, 1988.
Ferguson, C.J. An Effect Size Primer: A Guide for Clinicians and Researchers. Prof. Psychol. Res. Pract. 2009, 40, 532-538.
[CrossRef]

Jones, A.M.; Wilkerson, D.P.; Burnley, M.; Koppo, K. Prior Heavy Exercise Enhances Performance during Subsequent Perimaximal
Exercise. Med. Sci. Sports Exerc. 2003, 35, 2085-2092. [CrossRef] [PubMed]

Baker, J.S.; McCormick, M.C.; Robergs, R.A. Interaction among Skeletal Muscle Metabolic Energy Systems during Intense Exercise.
J. Nutr. Metab. 2010, 2010, 905612. [CrossRef] [PubMed]

Gerbino, A.; Ward, S.A.; Whipp, B.J. Effects of Prior Exercise on Pulmonary Gas-Exchange Kinetics during High-Intensity Exercise
in Humans. J. Appl. Physiol. 1996, 80, 99-107. [CrossRef] [PubMed]

Carter, H.; Grice, Y.; Dekerle, J.; Brickley, G.; Hammond, A.J.P; Pringle, ].5.M. Effect of Prior Exercise above and below Critical
Power on Exercise to Exhaustion. Med. Sci. Sports Exerc. 2005, 37, 775-781. [CrossRef] [PubMed]


http://doi.org/10.1080/02640414.2018.1535772
http://doi.org/10.14814/phy2.14098
http://www.ncbi.nlm.nih.gov/pubmed/31124324
http://doi.org/10.1152/japplphysiol.00810.2009
http://doi.org/10.1249/MSS.0b013e31821ff26d
http://www.ncbi.nlm.nih.gov/pubmed/21552161
http://doi.org/10.1519/JSC.0000000000002253
http://www.ncbi.nlm.nih.gov/pubmed/28930880
http://doi.org/10.3390/sports7100217
http://www.ncbi.nlm.nih.gov/pubmed/31581544
http://doi.org/10.1080/00140137808931715
http://www.ncbi.nlm.nih.gov/pubmed/23638278
http://doi.org/10.1037/a0015808
http://doi.org/10.1249/01.MSS.0000099108.55944.C4
http://www.ncbi.nlm.nih.gov/pubmed/14652506
http://doi.org/10.1155/2010/905612
http://www.ncbi.nlm.nih.gov/pubmed/21188163
http://doi.org/10.1152/jappl.1996.80.1.99
http://www.ncbi.nlm.nih.gov/pubmed/8847338
http://doi.org/10.1249/01.MSS.0000162631.07404.7C
http://www.ncbi.nlm.nih.gov/pubmed/15870631

	Introduction 
	Materials and Methods 
	Participants 
	Experimental Overview 
	Incremental Test 
	Experimental Tests 
	Statistical Analyses 

	Results 
	Self-Paced Finish 
	Blood Lactate Concentration 
	Spirometry 
	Perceived Exertion 

	Discussion 
	Conclusions 
	References

