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Abstract

Ultraendurance research has focused on the study of
physiological parameters and body composition. The
study of the influence on cognitive function and central
nervous system (CNS) using the Critical Flicker Fusion
Threshold (CFFT) has not been measured in this event.
The objective of this study was to analyzed changes
in CFFT before and after a mountain marathon. We
analysed 26 athletes (22 men and 4 women, 66.9 = 10.0
kg, 171.4 = 7.1 cm, 37.8 + 9.9 years). Before and after
the event the mountain marathon runners performed
a CFFT test, and for every test each subject performed
the CFFT test three times. In addition, blood lactate
concentration was analysed before and after the race as
well as measuring heart rate during the race. The results
found that the CFFT decreased after the event, with
non-significance shown (p < 0.05). The mean heart rate
was150.9 + 7.9 bpm and final lactate concentration was
4.5 + 1.2 mmol/l. The mountain marathon event was not
therefore, found to affect the CNS, fatigue was caused
by other peripheral causes.

Key words: Critical flicker fusion threshold, marathon,
lactate, ultraendurance.
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Resumen

La investigacion en pruebas de ultra resistencia se
ha centrado en el estudio de pardmetros fisiolégicos
y la composicion corporal. El estudio de la influencia
sobre la funcion cognitiva y el sistema nervioso central
(SNC), utilizando el umbral de frecuencia critica de
fusién (UFCF), no ha sido medido en estas pruebas. El
objetivo de este estudio fue analizar los cambios en
el UFCF antes y después de una maratén de montafa.
Se analizaron 26 atletas (22 hombres y 4 mujeres,
66.9 + 10.0 kg, 171.4 = 7.1 cm, 37.8 + 9.9 afos). Antes
y después del maraton de montafia los corredores
realizaron una prueba para analizar el UFCF, también
se analizo la concentracién de lactato en sangre antes
y después de la carrera y la frecuencia cardiaca durante
la carrera. Los resultados muestran que el UFCF
disminuyé no significativamente (p < 0.05) después
de la maraton de montafia. La media de la frecuencia
cardiaca fue de 150.9 + 7.9 Ipm y la concentracion
de lactato sanguineo final fue de 4.5 £ 1.2 mmol / I.
Una maratén de montana no afecté negativamente
al sistema nervioso central, la fatiga fue causada por
otras causas periféricas.

Palabras clave: Umbral de frecuencia critica de
fusién, maratén, lactato, ultraresistencia.
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Introduction

The study of the origin of fatigue has been a topic
widely studied (Davis & Bailey, 1997; Glaister, 2005;
Lamber, Gibson, & Noakes, 2005), although not yet
fully understood processes and production mecha-
nisms of fatigue in sports activities. Specifically, re-
searches in ultraendurance event have been focused
mainly on the study of organic response of partici-
pants. In this way, many authors have studied changes
in body composition (Bircher, Enggist, Jehle, & Knech-
tle, 2006; Knechtle, Fraire, Andonie, & Kholer, 2008),
muscle breakdown (Clemente et al., 2011b), auto-
nomic modulation (Clemente-Suarez, 2014a, 2014b)
energy substrates consumption (Callow, Monton, &
Guppy, 1986) and changes of various physiological
parameters as urea, haemoglobin, lactate or glucose
(Clemente, Navarro, & Gonzalez, 2011c; Suarez, 2011;
Sulzer, Schwellnus, & Noakes, 2005).

Research in the area of fatigue has focused primarily
on peripheral fatigue, which involves reductions in the
ability of muscle to perform work because of impair-
ments anywhere along the chain of command from
neuromuscular transmission to actinmyosin cross-
bridging (Davis & Fitts, 1998). However, the stimulus
for muscular contraction is initiated in the brain, and
therefore central fatigue may occur if alterations in
the central nervous system (CNS) decrease the abil-
ity to voluntarily send a signal to the neuromuscular
junction (Davis & Baley, 1996). Strategies designed
to offset peripheral fatigue and enhance physical per-
formance most often involve alterations in training
and nutrition (Coyle, 1997). However, little is known
about these issues regarding central fatigue. One of
the causes of decreased performance in athletes is fa-
tigue of CNS (Tomporowski, 2003). The influence of
physical effort in fatigue of CNS is an area little stud-
ied. One of the methods frequently used to measure
fatigue of CNS and cognitive function is critical flicker
fusion threshold (CFFT). The utility of CFFT in sport
has been focused in the relationship of arousal level
with CNS (Gortelmeyer & Wiemann, 1982; Simonson
& Brozek, 1952). Increase in CFFT suggests an in-
crease in cortical arousal and sensory sensitivity. By
contrast, a decrease of CFFT suggests a reduction in
the efficiency of the system to process information
(Li, Jiao, Chen, & Wang, 2004) and it is related with
fatigue of CNS, so, if CFFT values fall below the base-
line means that there is symptom of fatigue of CNS
(Costa, 1993; Saito, 1992).

CFFT was affected by non sensory and sensory
factors. The results must be interpreted taking into
account two different parameters. The parameter re-
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lationship whit sensory factor was subjective crite-
rion (CS), which reflects the response criterion. This
response can be conservative or liberal. The parame-
ter relationship whit non sensory factor was sensory
sensitivity (SS). In methods will explain the form to
calculate this parameter (Davranche & Pichon, 2005).
Several authors studied the CFFET in different sports
stimulus. There were analyzed incremental VO,max
test (Clemente, Martinez, Mufioz, & Gonzalez, 2010;
Davranche & Pichon, 2005), 30 min maximum cycling
trial (Clemente, 2010), 70% of VO,max cycling trial
(Prestland, Dowson, & Cirns, 2005) or RSA (repeated
sprint ability) maximum speed test (Clemente, Muifloz,
& Melus, 2011a). Only in RSA speed test a decreased in
CFFT was measured by contrast the other stimulus in-
creased the CFFT. Specifically in ultraendurance event,
we just found the study of Clemente & Martinez (2010)
realized in a 270 km ultraendurance event run relay, in
while the subjects increased CFFT. In contrast, Gode-
froy, Rousseu, Vercruyssen, Cremieux, & Brisswalter
(2002) and Douchamps-Riboux, Heinz, & Douchamps
(1989) monitored a decrease in CFFT after performed
a cycling test to exhaustion in triathletes and after per-
formed a marathon race in rowers respectively. These
contradictory results show depending the duration of
the event the cortical arousal response is different.

To clarify the cortical arousal response in ul-
traendurance event we develop the present study with
the objective of analyze the cortical arousal and CNS
fatigue, through the study of CFFT, after a mountain
marathon in trained athletes.

Methods

The study was carried out during the II Mountain
Marathon “Pueblo de los artesanos”, celebrated in
Torrejoncillo (Caceres, Spain). We analyzed 36 healthy
trained runners (66.9 + 10.0kg, 171.4 + 7.1 cm, 37.8 +
9.9 years). They finished the mountain marathon in a
mean of 229.3 + 49.8 minutes. They trained a mean of
93.8 + 33.8 minutes/day and 532.5 + 213.8 minutes/
week, all of them did regularly exercising for more
than 10 years. The mountain marathon covered the
distance of 42.2 km, whit 1070 m of negative eleva-
tion and 1077 m of positive elevation. The profile of
the race is shown in Figure 1. The temperature during
the mountain marathon was between 9°C and 18°C.

The CFFT measurements were carried out before
and immediately after the mountain marathon. Par-
ticipants were seated in front of a viewing chamber
(Lafayette Instrument Flicker Fusion Control Unit
Model 12021), which was constructed to control ex-
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Figure 1. Profile race.

traneous factors that might distort CFFT values. Two
light-emitting diodes (58 cd/m2) were presented si-
multaneously in the viewing chamber, one for the left
eye and one for the right eye. The stimuli were sepa-
rated by 2.75 cm (center to center) with a stimulus-to-
eye distance of 15 cm and a viewing angle of 1.9°. The
inside of the viewing chamber is painted flat black to
minimize reflection. The flicker frequency increment
(1 Hz/sec) changed in two ways: either it increased
from O to 100 Hz until the participant perceived fu-
sion, or it decreased from 100 to 0 Hz until flicker was
detected. After a fovea binocular fixation, participants
were required to respond by pressing a button upon
identifying the visual flicker (descending frequency)
and the fusion (ascending frequency) thresholds. Pri-
or to the experiment, they performed as many prac-
tice trials as needed to become familiarization with
the exigencies of the CFF test. Then, three ascending
and three descending trials were performed alterna-
tively (Clemente-Suarez & Robles-Pérez, 2013; 2015;
Dauvranche & Pichon, 2005). Subjects carried out the
test three times with an interval of 5 seconds.

In each one of the test, time was quantified as the
amount of time that a subject took for detecting the
changes in the lights from the beginning of the test
until the moment to pressing a button, to be able to
determine the CFFT:

- CFFa - (Critical Flicker Fusion ascending), average

of values obtained in the ascending test.

- CFFd - (Critical Flicker Fusion descending), aver-
age of value obtained in the descending test.

- SC (Subjective Criterion), difference among the
average of the values obtained in the ascending
test and the average of the values obtained in the
descending test.

- SS - (Sensorial Sensibility), median of the sum of
the values obtained in the ascending and descend-
ing tests.
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Before and after the race a blood sample was extract-
ed from a finger on the right hand while the subject
was standing with his arms flexed. A finger stick was
used to collect blood lactate in a capillary tube, which
was in turn placed in the Accusport Lactate Analyzer,
Total Performance Inc. (Mansfield, Ohio). During the
race heart rate was recorder with heart rate monitor
(polar S S810. Polar Electro Ibérica. Barcelona).

The statistical analysis was carried out with the sta-
tistical program SPSS 17.0. The Shapiro-Wilk normal-
ity test was used to test homogeneity of each variable.
The result shows that there were no significant dif-
ferences. Student’s t-test for paired observations was
used for statistical evaluation of the data. The Effect
Size (ES) was tested by Cohen’s D [ES = (Posttest mean
— Pretest mean)/Pretest SD]. For all the comparisons
the index of significance accepted was p < 0.05.

Results

The results show how the CFFa, SC and SS values
decrease, in contrast to CFFd. The complete results of
the different CFFT values are shown in Table 1. Dur-
ing the race, athletes achieved an average heart rate of
150.9 + 7.9 bpm, maximal heart rate of 179.4 + 20.3
bpm and a minimum heart rate of 120.3 + 9.0 bpm.
The blood lactate concentration increase significantly
after the mountain marathon (2.0 + 0.4 mmol/l basal
vs. 4.5 + 1.2 mmol/l after the race).

Discussion

The objective of the present research was to study
the modification of CFFT after a mountain marathon
in trained athletes. The decrease of SS values after the
mountain marathon shows that this type of effort seems
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Table 1. Critical flicker fusion threshold results

Umbrales Flicker Fusion samele % Change Effect ?ize
Pre Post Cohen’s D

CFFa (Hz) 34.69 +4.03 32.18 £ 7.17 -7.1 -0.62

CFFd (Hz) 31.21+£7.96 33.29 +9.81 6.7 0.26

SC (Hz) 3.48 £8.70 -1.11+£7.32 -68.1 * -0.53

SS (Hz) 33.41+4.28 32.73+7.77 -2.0 -0.16

CFFa Critical Flicker Fusion ascending; CFFd - Critical Flicker Fusion descending; SC — Subjective Criterion; SS — Sensorial Sensibility; *p < 0.05 v sample Pre.

to affect negatively the cortical arousal and generate
symptoms of fatigue of the CNS (Li et al., 2004). In addi-
tion, the decrease in SC values suggests that the change
observed after mountain marathon was linked to a cau-
tious strategy of athletes (Ghozlan & Widlocher, 1993).
The decrease in SS after the mountain marathon was
also evaluated after completed a RSA (repeated sprint
ability) maximum speed test (Clemente et al., 2011a),
after performed an exercise cycling test to exhaustion
in triathletes (Godefroy et al., 2002) and in rowers after
complete a marathon race (Douchamps-Riboux, 1989).
By contrast in a VO, max cycling test (Clemente et al.,
2010), 30 min maximum trial (Clemente, 2010) and
after complete a 70% VO,max cycling trial (Presland
et al., 2005) SS increased. It seems that high intensity
effort with duration between 30 seconds until 30 min-
utes do not affect negative CNS, by contrast, sprints or
ultraendurance stimulus can affect negative CNS. Pos-
sibly in mountain marathon, athletes ran until exhaus-
tion and performed the race with the maximum velocity
possible in that race, condition similar to the study of
Godefroy et al. (2002). Also, the influence of dehydra-
tion, typical in marathon and mountain race (Whiting,
Maughan, & Miller, 1984) and the depletion of energy
substrates, may affect negatively the SS decreasing these
values (Tomporowsky, 2003). These facts could be some
of the possibilities because in the present research we
evaluated a decrease in SS values, as the results obtained
by Godefroy et al (2002) and (Douchamps-Riboux et al.,
1989). Moreover, the values of lactate and heart rate
were similar to other studies in marathon (Sjédin & Ja-
cobs, 1981; Sudrez et al., 2011) or ultraendurance run
event (Clemente et al., 2011b; Suarez et al., 2011).

The cortical arousal decreased tendency observed in
the present research was similar than obtained in high
stress situation as combat, in which cortical arousal
evaluated by the critical flicker fusion thresholds de-
crease (Clemente-Suarez & Robles-Perez, 2012). Other
stress situations in which a decrease in cortical arousal
was evaluated were the high altitude high opening
(HAHO) and high altitude low opening (HALO) para-
chute jumps (Clemente-Suarez, Robles-Perez, Monta-
fiez-Toledo, 2015; Clemente-Suarez, Delgado-Moreno,
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Gonzalez-Gomez, & Robles-Perez, 2015). In situation
in which the perception of danger is high, the innate
defence systems as fly to fight systems are activates, in-
creasing the sympathetic modulation, having this fact
a direct effect in cortical arousal. Decreased in cortical
arousal seem to be linked to high sympathetic autono-
mous nervous system activation, when this stressor
way of the autonomous nervous system is activated the
cortical arousal decrease, having a direct effect on corti-
cal function as memory (Gallego, Robles-Perez, & Clem-
ente-Sudrez, 2013), but future research in sport activi-
ties have to confirm this theory. In this line, the avail-
ability of glucose in the brain, principal substrate that
neuron process, is basic to maintain the cortical arousal
and avoid CNS fatigue (Bouzier-Sore et al., 2003). This
fact become more important in ultraendurance events,
since the energy expenditure could duplicate the nor-
mal diary energy demands (Clemente-Suérez, 2014b).

In mountain marathon, the induced fatigue was
probably a combination of different parameters as
muscular damage (Ramos-Campo et al., 2016; Clem-
ente et al., 2011b), hyponatremia (Davis et al., 2001),
dehydration (Whiting et al., 1984), hyperthermia
(Holtzhausen & Noakes, 1997), substrate depletion
(Garcia-Roves, Terrados, & Fernandez, 1998), in-
creased sympathetic modulation (Clemente-Suarez,
2014a, 2014b) and CNS fatigue. To avoid CNS fatigue
future research should.

Limitation of the study and future research lines

To know the mechanisms of fatigue in ultraendur-
ance events future investigation should study the re-
lationship between sympathetic nervous system acti-
vation and cortical arousal and the effect on perfor-
mance. In addition, the relation between muscular ac-
tivity after ultraendurance events, cortical arousal and
performance should be studied. Finally, the relation
between nutritional strategies during the race and the
maintenance of cortical arousal should be studied in
order to delimit the most effective nutritional strate-
gies in ultraendurance events.
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Conclusion

As conclusion, the results obtained in the present
research have shown the decrease of cortical arousal
after performing a mountain marathon, this decrease
could decrease the brain ability to voluntarily send a
signal to the neuromuscular junction.
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