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Summary

Introduction: Sodium bicarbonate (SB) supplementation has been widely used to delay fatigue in high intensity sports.
However, there is no evidence on acute supplementation with SB in the obstacle run in Military Pentathlon.

Objective: To determine the effect of acute supplementation with SB on performance on the obstacle run in military pen-
tathletes.

Material and method: Ten professional military pentathletes were part of the study. The design was double blind, cross-
over intra-subject, while supplementation was 0.3 g-Kg' SB diluted in 500 mL of distilled water or 0.045 mg-Kg' of sodium
chloride diluted in 500 mL of distilled water (PL), both solutions ingested 60 minutes before performing the obstacle run.
The variables were: execution time (s) and lactate concentration ([La]) in minutes 1, 3, 5, 7 and 9. The statistical analysis was
performed through a Student’s t test for independent samples, while the effect size (ES) was calculated with the Cohen d test.
Results: The time in the obstacle run showed a significant decrease after the SB supplementation (p <0.01, ES = 048, A =
3.7%), while the [La] showed significant differences between both groups in the 5, 7, and 9 minutes (p < 0.05).
Conclusions: At the end of the study, it was found that acute supplementation with SB increased performance in the obstacle
run. Therefore, acute SB ingestion could be considered as an ergogenic aid by military pentathletes.

Efecto de la suplementacion aguda con bicarbonato sddico sobre el rendi-
miento en la cancha con obstaculos en pentatletas militares profesionales

Resumen

Introduccion: La suplementacion con bicarbonato sédico (BS) ha sido ampliamente utilizada para retrasar la fatiga en de-
portes de alta intensidad. Sin embargo, no existe evidencia sobre la suplementacién aguda con BS en la prueba de cancha
con obstaculos del Pentatlon Militar.

Objetivo: Determinar el efecto de la suplementacion aguda con BS sobre el rendimiento en la cancha con obstaculos en
pentatletas militares.

Material y método: Diez pentatletas militares profesionales fueron parte del estudio. El disefio fue de doble ciego, cruzado
intrasujeto, mientras que la suplementacion fue de 0,3 g-Kg™' de BS diluida en 500 mL de agua destilada 0 0,045 mg-Kg™' de
cloruro de sodio diluido en 500 mL de agua destilada (PL), ambas soluciones fueron ingeridas 60 minutos antes de realizar
la prueba de cancha con obstaculos. Las variables fueron: tiempo de ejecucion (s) y concentracion de lactato ([La]) en los
minutos 1, 3,5, 7y 9. El analisis estadistico fue realizado a través de una t de Student para muestras independientes, mientras
que el tamano del efecto (ES) fue calculado con la prueba d de Cohen.

Resultados: El tiempo en la cancha con obstaculos evidencié un descenso significativo luego de la suplementacion con BS
(p<0,01; ES=048; A = 3,7%), mientras que las [La] mostraron diferencias significativas entre ambos grupos en los minutos
57y9(p<005).

Conclusiones: Al término del estudio, se comprobd que la suplementacion aguda con BS aumentd el rendimiento en la
prueba de cancha con obstéaculos. Por lo tanto, la ingesta aguda con BS podria ser considerada como una ayuda ergogénica
por los pentatletas militares.
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Introduction

The Military Pentathlon is the most important sports discipline for
the military', with a history dating back to 1947. Over the years, it has
developed into the most important sports event of the International
Military Sports Council (CISM)?. The Military Pentathlon is divided into
the following contests: shooting with a standard rifle (200 m or 300 m),
obstacle run (500 m with 20 obstacles), obstacle swimming (50 m with
5 obstacles), grenade throwing (16 precision throws and 3 maximum
power throws) and cross country (8 km)'. For the five contests thereis a
base performance that gives 1000 pentathlon points, with some events
associated with a greater score (shooting and grenade throwing). For
those athletes performing better than the base, then they will obtain
more than 1000 pentathlon points. For obstacle swimming, cross cou-
ntry and the obstacle running course, performance is associated with a
lower completion time. Specifically, for the obstacle course, in order to
obtain the 1000 pentathlon points, the course must be completed in 2
minutes 40 seconds and, for each second above or below this mark, 7
pentathlon points are either deducted from or added to the 1000 base
points, respectively?.

The obstacle course contest is in the form of a race, in which the
athletes are required to complete the course in the shortest possible
time, combining their ability to climb, run, jump, crawl and maintain
their balance on thin obstacles*. Lazar (2011)* contends that, during
this contest, the heart rate may reach 200 beats per minute with great
predominance of the anaerobic metabolism. From a physiological
point of view, maximum efforts on the obstacle course, just like tests
with glycolytic predominance, accumulate a series of deleterious meta-
bolites (H*, Pi), which can reduce the force of the active muscles®. That
is how the accumulation of H* may alter the blood pH, disrupting the
acid-base balance, the extent of which depends on the intensity and
duration of the effort6. As a compensatory measure, the body adjusts
its buffers and pulmonary ventilation increases in order to mitigate the
pH modifications’.

[t has been postulated that, by exogenously increasing the sodium
bicarbonate (SB) levels, it would be possible to reduce the levels of H*
generated in the anaerobic glucose metabolism, increasing the lactate
flow from the active muscles to the extracellular medium?. Due to this
background information, the intake of SB has been extensively studied
for its potential benefits to delay the onset of fatigue in short duration,
high-intensity effort’, proving to be a beneficial buffer in this type
of physical stimuli'®. In the literature, it has been described that the
ergogenic effect of SB on exercise is due to the reinforced extracellular
bicarbonate buffer capacity to regulate the acid-base balance during
exercise'". Therefore, the exogenous incorporation of SB would give rise
to bicarbonate ions, promoting an alkaline environment in the extrace-
llular fluid compartments'. In this way, a review made by Siegler et al.
(2016)", recommends an SB supplementation between 0.2 to 0.3g+kg™,
although the investigators also concluded that individual supplemen-
tation strategies should be sought considering the gastrointestinal

discomfort or any physiological change shown by athletes'".

Some of the studies published to determine the effectiveness of
SB supplementation used endurance tests with a short'®, medium™
and long duration™ based on foot sports'é, swimming'’, cycling'®and
rowing'. In the specific case of military sports, although evidence is
available on the use of sports supplements and ergogenic aids in soldiers
during a training process®, the ingestion of creatine?' and minerals®,
unfortunately this evidence was collected from physically active soldiers
and not from military pentathletes. In relation to the studies that relate
buffer supplementation and military personnel performance, although
thereis evidence on the use of beta-alanine?, due to the little evidence
available for the military population, the investigators conclude that the
use of beta-alanine as a buffer is not safe for this population.

With regard to SB supplementation in the military population, stu-
dies have been reported with an increase in the physical performance
of enlisted soldiers through the Wingate power test*. However, just
like the aforementioned references, this investigation was on enlisted
soldiers and not on military pentathletes. In relation to the background
information set out above and, to the best of our knowledge, there are
no investigations on the ingestion of SB as a buffer supplement in the
Military Pentathlon obstacle course contest. Consequently, the main
objective of this study was to determine the effect of acute supplemen-
tation with SB on the performance of professional military pentathletes
in the obstacle course

Material and method

Experimental study of approximation

In this study, the sample comprised 10 professional military pen-
tathletes, equivalent to 100% of the population of professional military
pentathletes in the Chilean Navy. It is important to mention that these
military pentathletes, as described in the characterisation of this sport,
must take partin the five contests forming part of the competition1. As
aresult of the above, the military pentathletes forming part of the study
were solely dedicated to practising this sport. In other words, there was
a six-hour daily training time, divided between these five competition
events. Furthermore, the inclusion criteria were: male with a minimum
experience of three years training for the Military Pentathlon. The ex-
clusion criteria were: the prevalence of musculoskeletal injuries and the
inability to perform the obstacle course contest at maximum intensity.
For the application of the protocol, a quasi-experimental, cross-over,
intra-subject design was used. Each subject performed the obstacle
course test twice, 72 hours apart. The supplementation with SB or a
placebo (PL) was performed 60 min before each obstacle course test.
The administration of SB or PL was based on a double-blind randomi-
sed method. Before the start of the study, a measurement was made
of the weight, height and skin folds of all subjects. All participants in
the investigation were requested to abstain from the intake of caffeine,
medicines and any substance that could increase the metabolism during
the entire experiment.
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Subjects

10 professional military pentathletes took part in the study (age:
25.5+6.0years; weight:67.0 £ 2.0 Kg; height: 172.7 + 3.6 cm; body mass
index: 22.5 + 1.0 kg/m2; fat percentage; 12.0 + 2.6%. All subjects were
informed of the study objective and the possible risks of the experiment,
all signed their informed consent before the implementation of the
protocol. The informed consent and the study were approved by the
Bioethics Committee of the University Playa Ancha de Ciencias de la
Educacion, Valparaiso, Chile (record number 933).

Instruments

For the characterisation of the sample, the weight and height were
measured with the Scales and Stadiometer Health o Meter Professional®.
In order to determine the fat percentage, skinfold measurements were
taken at the following sites: biceps, triceps, subscapular, supraspinal
with an FA.G.A.® caliper based on the Durnin and Womersley method
(1974)*. In order to record the obstacle course test time, Chronojump®
photocells were used, and chronojump software Version 1.4.6.0°. This
measurement considered an open gate and a closed gate and the
start and finish of the obstacle course, respectively. The post effort
capillary lactate concentration was measured using an h/p/cosmos®
lactometer to detect lactate enzymatic amperometric detection with
an accuracy of + 3%.

Standardised warm-up

Forall evaluations, the standardised warm-up consisted of 10 minu-
tes of joint mobility, performing abduction, adduction movements and
rotations of the upper and lower limbs. Subsequently, the pentathletes
did a continuous jog for 15 minutes at 130 beats/minute (to record the
heart rate, a Polar® model RS300 heart monitor was used), 8 second
passive flexibility for each muscle group, heel striking exercises, skipping
and three 80-metre accelerations.

Processing

The Military Pentathlon obstacle course contest consists in comple-
ting a 500 m circuit with 20 standardised obstacles of varying heights
and difficulty levels. It consists in climbing 5 m and 4 m high ladders
(obstacles 1 and 17 respectively), crawling through a 20 m long network
of wires (obstacle 4), climbing a 3m high sloping wall (obstacle 8), zig-
zag running along an 8.5 m long balance beam (obstacle 18); only one
lane should be used and it is not permitted to move from one lane to
the other® (Figures 1 and 2).

Each pentathlete was measured individually, always following
the same order and evaluation time (all evaluations were made in
the morning). Each athlete had to perform the obstacle course test
with two opportunities, 72 hours apart, with an SB or PL supplement
(Figure 3).

Figure 1. Obstacle course.
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1: 5 m steel rope ladder; 2: double beam; 3: trip wire; 4. network of wires; 5. ford; 6: espalier;
7: balance beam; 8: sloping wall with rope; 9: horizontal beams (over - under); 10: Irish table;
11: tunnel and twin beams; 12: four steps of beams; 13: banquette and pit; 14: assault wall;
15: pit; 16: vertical ladder 4 m; 17: second assault wall; 18: balance beam (zigzag): 19: chicane;
20: 3 assault walls in succession.

Figure 2. Obstacle course stations with the greatest technical
difficulty.

1: 5 m steel rope ladder; 2: sloping wall with rope; 3: pit; 4: assault walls in succession.

Figure 3. Methodological design for the application of the
treatment with SB or PL.
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h: hours; BS: Sodium bicarbonate (SB) ; PL: Placebo.
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Figure 4. Time between the ingestion of SB or PL and the execution of the obstacle course test.
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BS: Sodium bicarbonate (SB) ; PL: Placebo; min: minute.
On completion of each test, the time taken was recorded and the Results

post effort capillary [La] (mmol-L") was evaluated at minutes 1, 3,5, 7
and 9 (Figure 4). All the tests were conducted at the obstacle course
located on the premises of the Academia Politécnica Naval de Vifa del
Mar navy school, Chile.

Supplementation

Carbohydrate intake prior to the performance of the obstacle course
test (nutritional timing). All athletes were available two hours before the
start of the obstacle course test under fasting conditions. This was for
the purpose of standardising a pre-evaluation meal, comprising 2 g of
simple carbohydrates per kilogram of body weight?.

SB or PL supplementation One hour before the obstacle course
test, the athletes ingested a solution of SB or PL¥. The former had a
concentration of 0.3 g-Kg™' of body mass diluted in 500 mL of distilled
water®. While the latter (sodium chloride) had a concentration of 0.045
mg-Kg™' of body mass diluted in 500 mL of distilled water . The admi-
nistration of the placebo or sodium bicarbonate solution was random,
with a double blind format.

Statistical analysis

The values measured for the variables of time and [La] were sub-
jected to the Shapiro-Wilk test of normality. Subsequently, the time
and the [La] were analysed through the Student t-test for independent
samples. The size of the effect was calculated using Cohen’s d test. This
latter analysis considered an insignificant effect (d < 0.2), small (d = 0.2
up to 0.6), moderate (d = 0.6 to 1.2), large (d = 1.2 to 2.0) or very large
(d > 2.0). The level of significance for all the statistical analyses was p
< 0.05. The data analysis was made with the Graphpad Instat Version
3.05° software.

Once the Student's t-test was applied, those subjects supplemented
with SB showed a statistically significant decrease in the time taken to
complete the obstacle course test compared to the supplementation
with PL (p < 0.01; ES (effect size) = 0.48).

On the other hand, the post effort lactate concentrations [La] of
those subjects with SB supplementation showed a significant increase
in comparison to the supplementation with PL for 5, 7 and 9 minutes
(Tables 1 and 2).

Discussion

With regard to the main objective of the study, the acute supple-
mentation with SB at a dose of 0.3 g-kg-1 in professional military pen-
tathletes who were then subjected to a maximum intensity glycolytic
test, highlighted a significant decrease in the time taken to complete
the Military Pentathlon obstacle course when compared to the PL

Table 1. Time to complete the obstacle course, post-ingestion of
SB or PL.

time (s)
Time Mean PL £+ SD 155.0£6.5
Mean SB = SD 152.6 £9.0
APL-SB (s) 24
% PL-SB 3.7%
Student's t-test **
Cohen's d-test 0.48

PL: placebo; SB: Sodium bicarbonate; SD: standard deviation; A: delta; s (seconds);
**(p<0.05)
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Table 2. Lactate production before and after the obstacle course trial with ingestion of SB or PL.

Lactate

Start End min 1 min 3 min 5 min 7 min 9
PL (mmol-L") 1.9+0.6 11.6+3.2 155+2.5 16.5+29 16.2+1.8 15332 2.7 13.9+2.6
SB (mmol-L") 23+06 12.1+4.7 16.6 +3.4 184+23 184 +2.1 189+24 17.0+3.2
A PL - SB (mmol-L") -0.41 -0.50 -1.10 -1.90 -2.20 -3.60 -3.10
% PL - SB 21.0% 4.3% 7.0% 11.5% 13.5% 23.5% 22.3%
Student’s t ns ns ns ns * * *
Cohen’sd 0.62 0.14 0.37 0.74 1.08 1.37 1.03

PL: placebo; SB: Sodium bicarbonate; SD: standard deviation;mmol-L-1: millimoles per litre; min: (minute); *(p<0.05): ns: not significant.

group (p < 0.05). Although the literature suggests that metabolic alka-
linity through SB supplementation would permit a greater performance
in maximal intensity stimuli?, this is the first work to demonstrate an
increase in the performance of military pentathletes in the obstacle
course event. With regard to the above, it is important to emphasise
that the final classification system in a military pentathlon competition
depends on the score obtained in each of the events. Therefore, the
24 second decrease in the average through SB ingestion allows the
athletes to add 17.1 points to the event?, this increase in performance,
associated with the Military Pentathlon scoring system could mean an
improvement to the final position or make it possible to win the com-
petition. Likewise, it is important to make an individual analysis of the
results obtained against the variation in performance that the athletes
may show for protocols of this type® (Table 3).

With regard to the post-effort lactate concentrations [La], Saunders
etal. (2014)*° consider that the exercise intensity for protocols of this type
must be sufficient to achieve a high accumulation of H* and, therefore,
these efforts are limited by the increase in muscular acidosis. In this study,
the post-effort lactate concentrations [La] at minute 3 for the PL group
were 16.5 + 2.9 mmol-L". This reflects high metabolic activity and high
intensity of effort®’. A comparison of the group supplemented with SB
and the PL group, showed significant post-effort differences at 5, 7 and
9 minutes (p < 0.05). In comparison with similar experimental designs,
Lindh et al. (2008)'° took a group of swimmers to maximum fatigue, re-
porting post-effort blood lactate concentrations [La] over 15 mmolL",
showing animprovement in the 200 m freestyle performance time, but
with a difference in the post-effort lactate concentrations [La] from minu-
te 4 onwards. However, this present study shows significant differences
in lactate concentrations [La] between the group supplemented with SB
and the PL group from minute 5 up to minute 9. The differences between
the study conducted by Lindh et al. (2008)'" and this present investi-
gation could be explained by the fact that swimming efforts generate
a far higher and earlier production of lactate than efforts made during
running?2. On the other hand, the significant increase in the production
of lactate in the group supplemented with SB in comparison with the
PL group, could be associated with an increase in the concentrations

Table 3. Individual performance delta with PL and SB supplemen-
tation

Subjects Time Time A(s) Differences
with PL (s) with SB (s) time
percentage
points between
PL and SB (%)
1 151.8 145.4 6.4 9.7
2 149.6 144.6 5.0 7.5
3 164.2 171.1 -6.9 -11.3
4 148.0 146.9 1.1 1.6
5 158.4 154.7 3.7 5.9
6 147.1 141.0 6.1 9.0
7 152.0 151.6 0.4 0.6
8 163.3 155.4 7.9 12.9
9 154,0 153,1 0,9 11,4
10 162.5 162.7 -0.2 -0,3

PL (placebo); SB (sodium bicarbonate); (s) seconds; A (delta).

of bicarbonate in the blood, given that this buffer produces an increase
in parallel to the intracellular / extracellular H* gradient, increasing the
activity of the lactate/H* co-transporters, generating an increase in
the flow of H* and lactate from the active muscles to the extracellular
medium?. Therefore, the attenuation of the accumulation of H* in the
muscles allows the glycolytic resynthesis of ATP to continue in more
favourable conditions, delaying muscle fatigue during the high-intensity
exercise®. This would make it possible to associate greater glycolytic
activity with increased performance and higher lactate levels*. From
the above, Wang et al. (2019)* maintain that the peak lactate level after
exercise represents the body’s maximum tolerance to lactic acid. It also
reflects the capacity of the glycolytic system to produce ATP.

With regard to the SB ingestion protocol and the waiting time
between ingestion and the maximum tests, the first studies to analyse
this variable suggested waiting times of two hours for the application
of the treatment®. In contrast to the protocol used by Siegler et al.
(2010)*, Maliqueo et al. (2018)' reported favourable results in a time
limit test over the lactic threshold speed, using a 60 minute waiting time

224 Arch Med Deporte 2020;37(4):220-226



Effect of acute supplementation with sodium bicarbonate on the performance of professional military pentathletes in the obstacle course

between ingestion and the application of the maximum test. Likewise,
Miller et al. (2016)'® studied the individual ingestion response time and
athletic performance in a speed endurance test, establishing that the
mean ingestion time to reach an individual maximum pH level was 68
minutes post-ingestion (a similar time to the one used in this present
study). Although the evidence is demonstrating that the time between
ingestion and the application of the maximum test must be determined
individually®, it would be of interest to consider the individual variation
of elite athletes at different ingestion times, given that most studies
either consider recreational athletes or do not specify their sports level®.

With regard to the dose level used in this study, there are re-
commendations that a safe dose for humans is 0.3 g-Kg'®, thereby
maintaining more favourable arterial bicarbonate and pH values'. For
this reason, and given the lack of background information on sodium
bicarbonate supplementation in military athletes, this study established
the dose level that had the greatest number of favourable scientific
reports, whether for short or long duration running efforts39 or short-
duration high-intensity protocols®.

Conclusions

Based on the results obtains, it can be concluded that the acute
supplementation with SB, with a dose of 0.3 g-Kg™" ingested 60 minutes
before the obstacle course test, significantly reduces the EXECUTION
time of professional military pentathletes, leading to improved perfor-
mance. Furthermore, the SB ingestion generated a higher post-effort
blood lactate concentration, highlighting the effectiveness of the output
of this metabolite from the active muscles to the bloodstream. Therefore,
military pentathletes could consider the acute supplementation with
SB to be an ergogenic aid.

Practical applications

In order to achieve the desired performance effects, firstly the pre-
recommended carbohydrate loading needs to be performed?, avoiding
the consumption of sports supplements. The latter for the purpose of
minimising gastrointestinal discomfort or the interaction of SB with other
substances that could be among the contents of some supplements.
Itis important for the athletes to have an ad-hoc training level to meet
the high metabolic demand and neuromuscular stress generated by
this event, this will ensure that the athletes complete the course and
do not abandon the race at one of the obstacles. As mentioned in the
protocol, the ingestion of SB must be considered as a concentration of
0.3 g-Kg' of body mass diluted in 500 mL of distilled water’. This dose
must be ingested 30 minutes before the start of the warm-up, which
should contain joint mobility, jogging and exercises that progressively
increase the effort intensity.
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