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ABSTRACT

Unusual exercises can lead to muscle damage that persists for a few days reducing performance 
ability due to fatigue onset. Moreover, intramuscular acidity increase can limit the cell metabolism in 
the process of producing work. Therefore, the objective of this research was to analyze the influence 
of neuromuscular fatigue and metabolic acidity in the 400 m race. The selected sample consisted of 20 
sedentary individuals, aged between 18 and 35 years. They were submitted to the following protocols: 
treadmill incremental test for determination of O2max; aerobic and anaerobic threshold; 400m race test 
(400/R); plyometric activity with active/passive rest followed by 400m race immediately after (400/Post) 
and 24 hours after the plyometric activity (400/24h). The obtained results show that when the active 
and passive groups are compared, they do not show significant difference in 400/Post performance, 
but this time was longer for both groups when compared with the 400/R. Nevertheless, the 400/24h 
was not significantly different when compared with the 400/R to both groups. It was concluded that 
regardless of the kind of recovery, active or passive, the performance reduction in a 400-meter race 
after plyometric activity seems to occur by neuromuscular mechanisms that lead to fatigue and not 
to metabolic limitations.
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INTRODUCTION
It is known that the muscle tissue is able to produce strength when activated (1). However, 

the incapacity of producing strength repeatedly is characterized as neuromuscular fatigue, a 
symptom which can last for many days or weeks (2). The causes of neuromuscular fatigue during 
exercise can be of central origin (cortical and subcortical regions of the brain) or of peripheral 
origin (skeletal muscle tissue)(3).

Plyometric exercises are defined as those which activate the eccentric- concentric cycle of the 
skeletal muscle, causing its mechanical, elastic and reflex boosting. This cycle refers to the concentric 
activities subsequent to an eccentric action, whose aim is to increase the explosive strength of the 
muscle through the storage of elastic energy in the pre-stretching phase and its reuse during the 
concentric contraction, besides the activation of the myotatic reflex (4).

The skeletal muscles have the function to dislocate the segments, stabilize the articulations and 
absorb the external forces. An example of external force is the landing after a vertical jump, in which 
the ankle, knee and hip joints are flexed and the extensor muscles of these joints produce negative 
work; that is to say, the direction of the movement is contrary to the produced strength, in which an 
eccentric action where the muscle is stretched is characterized, with concomitant generation of tension, 
showing hence that the mechanism of this kind of muscle action as well as the control mechanisms of 
strength production are different from the ones used in concentric and isometric muscle actions and 
characterizing the eccentric actions as a contraction able to generate greater tension by muscle unit (5).

Therefore, it is known that the higher the muscle work intensity performed; the higher the 
concentrations of metabolites produced by the recruited musculature, among these, lactate. It is 
known that the lactate production rate after exercise is intensity-dependent; that is, the higher the 
exertion intensity, the higher the production and build up of this metabolite (6).

Concerning the lactate build up rate in the blood, it is a result from the this metabolite produc-
tion and removal processes, being determined by the combination of many factors, among these, 
the type of fiber, the muscle respiratory capacity, the mobilization of energetic substrates as well 
as the biochemical characteristics of the skeletal muscle cells (7).

However, regardless of the tissue oxidation, the lactate build up occurs due to the increase of the 
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fast contraction fibers which are recruited according to the increase 
of the exercise intensity (8).

Nevertheless, it is known that after a high intensity exercise 
the type of recovery used may be an important factor to the 
higher removal rates. A priori, active recovery presents a lactate 
removal capacity higher than the passive recovery (6). The oxida-
tion of this metabolite during the active recovery occurs mainly 
in the active skeletal muscles and in lower level in the non-active 
skeletal muscles during recovery, as well as by the myocardium (9).

Thus, generally assessing the interaction of different meta-
bolic ways and different types of muscle contraction which can 
occur in a single exercise session, the main aim of this study was 
to verify the influence of neuromuscular fatigue and metabolic 
acidosis on the subsequent performance in a 400-meter race.

CAUSES AND METHODS

Environmental conditions 

The present study was carried out in the Laboratory of Physi-
cal Effort Evaluation (LAEF) and on the athletics track of the Aux-
ilium Salesian Catholic University Center (Unisalesiano – Lins). The 
experimental procedures were held from 11h to 19h and indoor 
environmental temperature (laboratory) was controlled by an air 
conditioner and the times for each volunteer during this period 
were respected in order to minimize any influence concerning 
the circadian cycle as well as daily habits. 

Volunteers

20 male individuals, apparently healthy, sedentary, aged 
between 18 and 35 years participated in this project. These in-
dividuals after having received verbal and written information 
through a consent form on all the study’s procedures, consented 
the participation and release of the collected data. All proce-
dures were sent, analysed and approved by the Ethics in Research 
Committee of the Auxilium Salesian Catholic University Center 
(Unisalesiano – Lins – Protocol 116/2008).

Experimental Outline 

The tests were conducted in four different days. On the first 
week of experimental procedures, the volunteers were assessed 
concerning the anthropometrical measurements (total body 
mass, stature and body fat percentage) and power and aerobic 
capacities (O2max, aerobic and anaerobic thresholds). After an in-
terval of three to seven days, the individuals were taken to the 
athletics track for the 400-meter test performance. Once again, 
after an interval of three to seven days, they were submitted to 
an activity of plyometric jumps, and at the end of these jumps, 
they were randomly designated to an active recovery (G1) or 
passive recovery (G2) of 30 minutes. After this recovery, they 
were once submitted to the 400-meter test again, immediately 
after the plyometric activity and 24 hours after the performance 
of this exercise.

Tests

Determination of the fat percentage 

Fat percentage was determined with a scientific adipome-
ter (Cescorf ), which measures the subcutaneous adipose tissue 
thickness. The following skinfold measurements were collected: 

tricipital, suprailiac and abdominal. The fat percentage was de-
termined from these measurements with a specific table (10).

Blood collection and analysis and heart rate monitoring 

25μl of blood from the earlobe were collected for determina-
tion of lactate concentrations, which was transferred to an Ep-
pendorf tube containing 50μl of sodium fluoride (1%) and stored 
in a freezer (–20ºC) for later analysis (Yellow Springs 1500 – Sport). 
The collections were performed in the tests for determination of 
O2max, anaerobic and aerobic thresholds, in the 400-meter test, 
in the active rest and passive rest. Likewise, heart rate (HR) was 
monitored with a cardiac frequency meter (RS200sd – POLAR) 
during all the study’s procedures, being observed mainly at the 
same moments that the blood collection occurred.

VO2max, anaerobic threshold and aerobic threshold deter-
mination

The anaerobic (LAn) and aerobic thresholds (Laer) and O2max 
were assessed in the same test. Such test was performed in a 
progressive and intermittent manner on a treadmill (Imbramed 
– 10200 ATL), and initial velocity was of seven or eight kilometers 
per hour, being increased in one kilometer per hour at every 
three minutes, until voluntary exhaustion of the participants. At 
the end of each stage, 25μl of blood were collected for blood 
lactate analysis. Thus, the velocity concerning the thresholds 
was determined by linear interpolation, in which the steady 
concentrations of 2mM and 3.5mM were adopted for Laer and 
LAn, respectively. The O2max was determined with a gas analyser 
(Metalyser 3B – CORTEX), in which through the assessment 
of the gas exchanges during the exercise, the O2max was de-
termined through the highest value of oxygen consumption 
during the test.

400-meter race

The maximum 400-meter race was performed on an athletics 
track of 233 meters, where, the volunteers were verbally encour-
aged to run the 400 meters distance previously marked at the 
fastest time possible. At the end of this effort, at moments one, 
three and five minutes after it, 25μl of blood were collected for 
determination of peak lactate concentration. It was performed at 
three situations: control (400/C), at which the volunteers should 
arrive at the test site with at least 48 hours of absence of any 
kind of extenuating physical activity; after the plyometric jumps 
and the application of the type of recovery (active and passive) 
(400/Post) and 24 hours after the performance of the plyometric 
jumps (400/24h).

Plyometric activity 

It was composed of 10 sets of 10 jumps at depth, having a 
one-minute interval between each set. The participants started 
from a raised plane (0.6m). After landing on the ground, they 
were asked to perform a vertical jump as strong and fast as pos-
sible, with the least of contact time with the ground, landing on 
another raised plane placed forward and one meter away from 
the first one. The action went on like this, until all the jumps and 
sets were performed (11).

Active and passive recovery 

The active and passive recovery was observed in a 30-minute 
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period at the Laer velocity (2mM) and at total rest, respectively, 
and at each five minutes 25μl of blood of the earlobe were col-
lected for subsequent analysis.  At this moment of the experi-
mental procedures the volunteers were randomly named in the 
two treatments active recovery group (G1) and passive recovery 
group (G2).

Statistical analysis 

The obtained results were assessed through descriptive 
statistics, in which data were expressed in mean and standard 
deviation. However, prior to any analysis, data were assessed con-
cerning distribution normality through normality test by Shapiro-
Wilk. Once data normality was confirmed, parameter statistical 
methods were adopted for their treatment. Paired Student’s t 
test for independent data was used for analysis of the initial 
characteristics of the volunteers as well as comparison between 
groups. Analysis of variance (one-way ANOVA) with Tukey post 
hoc test was adopted for comparison of results of the anaerobic 
performance and peak lactate concentration of the performance 
tests. In order to correlate the blood samples to the individual 
characteristics and performance data Pearson correlation test 
was used. Statistical significance was identified with significance 
level of p ≤ 0.05 for all procedures.

RESULTS
Table 1 presents the initial characteristics of the volunteers 

of the study, distributed in the groups G1 and G2. The groups 
presented variance equality and did not present significant dif-
ferences concerning means of the presented variables. Such fact 
demonstrates homogeneity between the studied groups, avoid-
ing any problem concerning heterogeneity.

Regarding the time spent to complete 400 meters on the 
athletics track as fast as possible in the three situations, namely 
control, immediately after the plyometric activity (400/Post) and 
in the situation 24 hours after the plyometric activity (400/24h) 
for G1 and G2, it can be verified through a two-way analysis of 
variance that the performance behavior in the 400-mter race 
was similar when the groups are compared and no significant 
differences are presented in the three situations mentioned 
above. Concerning intragroup analysis, it was verified that the 
plyometric activity caused statistically significant decrease of 
performance in the 400/Post; however, this performance was 
recovered after 24 hours of rest, when the same 400-meter 
exercise was repeated (table 2).

Tables 3 and 4 present the lactate concentration values in 
the pre and post recovery situations and lactate concentrations 
in the pre and post 400-meter situations in the control and after 
active or passive recovery periods. Table 3 shows that for the two 
examples of recovery the lactate removal occurred at the same 
magnitude at first; that is to say, the removal process occurred 
for both, but with no difference between the means.

Table 4 presents that for all situations control (G1-400/C and 
G2-400/C) and after recovery period (G1-400/Post and G2-400/
Post), the lactate concentrations increased subsequently to the 
performance of the 400-meter race when compared to the 
moment before it. Nonetheless, in an intragroup analysis, that 
is, control and after recovery period, it was observed that the 
behavior was almost similar for both groups, where the lactate 

concentrations in the situation immediately after the 400meters 
followed by recovery was significantly lower than the lactate 
concentrations after the 400m in the control situation. The only 
difference occurred in the pre 400 meters after active recov-
ery situation, where the lactate concentration was significantly 
higher than in the control situation of the same. Regarding the 
intergroup analysis, we highlight the significant difference oc-
curred in the lactate concentrations immediately after the 400 
meters followed by the active and passive recovery. The lactate 
concentrations in this situation for the group which performed 
passive recovery was significantly higher when compared to 
the group which performed active recovery. In addition to the 
analyses mentioned above, the Pearson correlation test was ap-
plied in order to determine the associations between the lactate 
concentrations prior to the 400-meter races and the time of the 
400 meters, both in the control and after plyometric activity situa-
tions. However, due to the similar behavior between both groups 
concerning the 400-meter time at the three moments, they were 
grouped in a single factor for this analysis. Thus, it was possible to 
observe that the lactate concentrations positively correlated with 

Table 1. Initial characteristics of the active (G1, n = 10) and pwassive groups (G2, n = 10).

G1 G2

Height (cm) 175.0 ± 4.1 172.7 ± 6.14

Total body mass (kg) 70.6 ± 8.6 73.38 ± 11.82

Fat percentage (%) 16.2 ± 8.0 16.27 ± 8.32

O2max (ml/kg/min) 44.0 ± 9.2 47.88 ± 10.16

O2max (km/h) 14.1 ± 1.7 13.5 ± 1.7

Laer (km/h) 10.2 ± 1.4 10.3 ± 2.1

Laer x O2max (%) 73.0 ± 8.4 75.9 ± 8.0
p ≤ 0.05.

Table 2. Times in the 400m in the control situations (C), after plyometrics (400/Post) 
and 24 hours after plyometrics (400/24h).

Control (seg.) 400/Post (seg.) 400/24h (sec.)

G1 73.49 ± 8.27 83.06 ± 10.53a 74.96 ± 8.90b

G2 75.45 ± 8.87 83.03 ± 14.02a 76.67 ± 9.26b

a – significant differences concerning the Control;
b – significant differences concerning  the 400/Post; - p ≤ 0.05.

Table 3. Lactate concentrations in the pre and post situations after 30 minutes of 
active (G1) and passive recovery (G2).

Pre (mM) Post (mM)

G1 4.27 ± 1.90 2.66 ± 1.33a

G2 4.94 ± 3.68 1.85 ± 1.71a

a – significant difference concerning the pre situation; - p≤0.05

Table 4. Lactate concentrations in the pre and post 400 meter situations for the ac-
tive groups in the control situation (G1-400/C) and after plyometrics (G1-400/Post) 
and passive in the control situation (G2-400/C) and after plyometrics (G2-400/Post).

Pre (mM) Post (mM)

G1-400/C 0.96 ± 1.01 9.74 ± 1.35a

G1-400/Post 2.66 ± 1.33b 6.87 ± 1.32ab

G2-400/C 0.93 ± 0.59c 10.01 ± 2.23ac

G2-400/Post 1.85 ± 1.71 7.89 ± 1.18abd

a – significant differences concerning the pre situation;
b – significant difference concerning the G1-400/C group;
c – significant difference concerning the G1-400/Post group;
d – significant difference concerning the G2-400/C group;                                                               p ≤ 0.05.
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the 400-meter time after the plyometric activity (r = 0.70); that 
is to say, the higher the lactate concentrations after plyometrics, 
the longer the 400-meter time. 

DISCUSSION
One of the aims of the present study was to analyse the 

anaerobic performance of sedentary individuals after a recov-
ery period, both active and passive, subsequent to a session of 
plyometric exercises and verify whether it was dependent on 
the metabolic acidosis or muscle stress.

It is known that for a given strength production there is lower 
recruiting of motor units for the eccentric contraction compared 
to the concentric one (12). This higher strength/activation ratio pro-
vides high stress on the involved tissues, being considered the 
main factor in the structural damage of the muscle fibers (13).

Muscle damage and delayed onset muscle soreness can occur 
at different magnitude depending on the type of muscle contrac-
tion (concentric and eccentric), type of exercise (plyometric jumps, 
resistance exercises, slope races, etc.), movement velocity (high 
or low angle velocity), time of interval between sets and level of 
training of the individual (sedentary, physically active or trained)(13).

The individuals submitted to the present study had been in hy-
pokinesia status for at least six months before its beginning. One of 
the ways of checking training levels and hypokinesia status can be 
established through the O2max values. In a study using sedentary 
individuals (14), mean O2max values of 47.67ml/kg/min were found, 
corroborating the one found in the present study, in which the G1 
and G2 volunteers presented mean values of 44.05ml/kg/min and 
47.88 ml/kg/min, respectively.

Concerning anaerobic performance measured through races at 
maximum velocity in the 400-meter distance, it was observed that 
they significantly decreased after performance of the plyometric 
activity, returning to the ‘24 hours after performance of plyometry 
control’ values, regardless of the type of removal, either active or 
passive. 

Regarding the types of recovery, active or passive, the highest 
effectiveness of active recovery compared to the passive on the 
decrease of lactate concentration after high-intensity exercise is 
reported in the literature (9). This superiority can be explained by 
the increase in the blood flow, and consequently, by the increase 
in lactate transportation to the heart and the skeletal muscles, 
sites which are mentioned as the main ones for uptake of this 
metabolite. Lactate oxidation mainly occurs in the active skeletal 
muscles, and in a lower level, in the non-active skeletal muscles 
during exercise, as well as by the myocardium. Such phenom-
enon was not found in the present study, regardless of the type of 
rest performed after the plyometric exercise session. It is known 
that not habitual eccentric contractions performed at high in-
tensity decrease in about 20% the capacity of the lactate trans-
porters (MCTs)(15). Thus, as the concentrations of this metabolite 
in the blood depend on its removal capacity from the muscle 
to the blood, it could explain the same lactate concentrations 
after plyometrics for both groups (G1 and G2) and, as its removal 
from the blood to other muscle groups and to the myocardium 
to be oxidized is dependent on this transportation capacity, it 
could explain the same behavior for the lactate removal for both 
groups, since the active recovery exercise intensity used in this 
study is in agreement with the literature. In a classical study (16), 

the authors set intensities between 90 and 100% of anaerobic 
threshold as being optimum intensities of active recovery, that 
is, the same intensity used in the present study. 

Concerning the performance in the 400/24h, it was seen that it 
was not affected by the muscle damage caused by the plyometric 
jumps previously performed. The delayed onset muscle soreness is 
characterized as discomfort and/or pain in the skeletal musculature 
which, together with decrease in capacity of generating work, can 
occur after exercise, being intensified from 24 to 72 hours, and can 
persist for up to seven days, with its progressive decline after this 
period (17,18), which could explain the decline in performance in 
the 400 meters after the plyometric exercises session. Moreover, 
the eccentric exercise performed before anaerobic high intensity 
exercises seems to affect mainly the strength capacity in a delayed 
manner, while the capacity to generate power is affected more 
specifically, that is, only at moments after performance of eccen-
tric exercise (19), which could explain the time recovery  of the 
400/24h not having been influenced by neuromuscular fatigue and 
by previous lactate concentrations, since these are totally removed 
from the skeletal musculature between 60 and 120 minutes after 
exercise (6). 

In the eccentric actions, the amplitude of the electromyo-
graphic signal is lower when compared to the concentric and 
isometric actions concerning the levels of absolute and relative 
strength, indicating hence lower muscular recruiting in the ec-
centric actions. It was suggested that this lower activation can 
be related to some mechanism of neural inhibition; for example, 
the Golgi tendon organs (GTO)(20). When we speak about neural 
inhibition, the existence of sensorial feedback is evidenced which 
inhibits the motoneurones release rate during fatigue, justifying 
that the central mechanisms are important to the maintenance 
of of a given strength level. As mentioned before, this inhibition 
is originated from the neuromuscular fuses and/or GTOs, or even 
from type II and IV nervous endings, which are apparently sensi-
tive to the build up of some metabolites at muscular level during 
exercise (21). Therefore, neuromuscular fatigue can be a result from 
alterations in the neural signal which arrives at the muscle, being 
a translation of a progressive velocity and frequency of voluntary 
impulses conduction reduction to the motoneurones during the 
activity (22). Therefore, the intramuscular acidosis is seen as one of 
the neural signals which induce the neuromuscular fatigue process 
(23). The decline in motor activities similar to the one performed in 
the present study can be explained by a cyclical and permanent 
system of muscular recruiting and muscular metabolites. In other 
words, the higher the acidosis, the lower the recruiting of mo-
tor units and the higher the selective recruiting of type II fibers, 
making the muscle less resistant to fatigue (23). Thus, especially 
through the results of positive and significant correlation between 
lactate concentration after plyometric activity and the 400 meters 
subsequently performed, we can partly explain the performance 
decrease in the 400/Post. However, performance decrease in 400/
Post cannot be associated only with the metabolic acidosis. In an 
interesting study where the nature of the alterations in the capac-
ity of producing strength in the impulse for hurdle trespassing, 
induced by processes intrinsic to the 400 meters with hurdles, 
demonstrate that, at fatigue conditions, there is significant increase 
in the loss of horizontal velocity of the gravity center associated 
with significant increase of the time of contact with the ground, 
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both in the landing and propulsion phases (24). These phases can 
be explained by the strong eccentric contractions caused by the 
hurdle trespassing, which stimulate the stretching reflex triggered 
by the muscular fuses, increasing the muscle capacity of resistance 
to stretching. Thus, the reduced stretching is related to a pre-acti-
vation, resulting from a pre-setting of the central nervous system, 
preparing the muscle to resist the impact load (24).

The results of the study mentioned above can be associated 
with the results of the present study. Although the 400 meters 
performed in this study are with no hurdling, which minimizes 
the eccentric actions during the race, the plyometric jumps per-
formed prior to the 400 meters can lead to the same mechanisms 
previously mentioned, leading to performance decrease in the 
400/Post regardless of the blood lactate concentrations found 
in both groups.

Thus, it is suggested that the decline in the 400/Post com-

pared to the 400/C is due to neuromuscular factors which can 
be related to alterations of some electromyographic parameters, 
acting as a protective device against possible deleterious effects 
of the muscle fiber integrity (1). 

It can be concluded from the results presented that, after the 
active or passive recovery the performance behavior in the 400 
meters after the plyometric exercises session was similar when 
the two recovery methods are compared. Therefore, it can be 
suggested that the decline found in the time of the 400/Post is 
related to the neuromuscular fatigue associated to the intracel-
lular acidosis. Further studies are suggested in order to investigate 
the capacity of the lactate transporters after eccentric exercises 
associated with active recovery.
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