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Abstract

The objective of this study was to determine and compare lac-
tate profile of two groups of Greco-Roman wrestlers with differ-
ent competences and training experience. Study was conducted
on 10 wrestles that were members of Croatian national team and
10 wrestlers that were members of Wrestling club Split. Lactate
samples were collected at four intervals during control fights
that were held according to international wrestling rules of
World wrestling federation FILA. Values of lactate increased as
competition progressed, and they were highest at the end of the
match for both groups of wrestlers. According to this study there
were no significant differences in lactate between two groups at
the end of the match, while significant differences were noted
during the match. The information about lactate profile pre-
sented in this study can be used by coaches and wrestlers to
develop condition programs.
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Introduction

A wrestling match is an intermittent physical exercise of
variable intensity (Hiibner-Wozniak et al., 2006). It is
characterized by sudden, explosive attacks and counterat-
tacks that are executed repeatedly (Hiibner-Wozniak et
al., 2004). In wrestling, as in many other sports, both
anaerobic and aerobic energy systems are employed to a
various degree (Cinar and Tamer, 1994; Callan et al.,
2000). The anaerobic system provides the short, quick
bursts of maximal power during the match while the
aerobic system contributes to the wrestler’s ability to
sustain effort for the duration of the match (Callan et al.,
2000).

Traditionally, level of lactate in athletes during in-
tense training or competition has been used for assessing
level of acidosis and muscle fatigue. However in the re-
cent review of acidosis, Robergs et al. (2004) state that
there is no biochemical support for lactate production
causing acidosis. According to these authors, increased
lactate production coincides with cellular acidosis and
remains a good indirect marker for cell metabolic condi-
tions that induce metabolic acidosis. If muscle did not
produce lactate, acidosis and muscle fatigue would occur
more quickly and exercise performance would be severely
impaired.

Although there are many studies on lactate dynam-
ics in different sports, still relatively little is known about
lactate profile during a wrestling competition. Published
studies on lactate in wrestlers (Cinar and Tamer, 1994;
Callan et al., 2000; Kramer et al., 2001; Lutoslawska et al.

1998; Nilsson et al., 2002; Utter et al., 2002; Hiibner-
Wozniak et al., 2004; 2006) analyze lactate dynamics
under experimental conditions, in the beginning and at the
end of the match, or only at the end of the match. To our
knowledge, there are no data available on lactate dynam-
ics during a wrestling match. Therefore, the objective of
this study was to determine and compare lactate profile of
two groups of Greco-Roman wrestlers with different
competences and training experience.

Methods

Study was conducted on two groups of wrestlers with
different competences and training experiences. Group 1
(EW) consisted of 10 wrestles that were members of
Croatian national team, while group 2 (CW) consisted of
10 wrestlers that were members of Wrestling club Split.
Descriptive data collected included age, body height,
body mass, body mass index and years of training. Each
subject was familiarized with the experimental procedure
and they all gave informed consent to participate in the
study.

Sampling of lactate on wrestlers was conducted in
March of 2008 in training camp in Split during control
fights that were held according to international wrestling
rules of World wrestling federation FILA. Each fight
consisted of three 2 minutes rounds, with 30 seconds
break between each round. Although according to FILA
rules, after pin (win by fall) or 6-point advantage (win by
technical superiority) winner of the round is proclaimed
and the round is stopped, for the purpose of this testing,
fight was continued till the end of the round. Similarly,
even if wrestler won in two rounds, fight was continued
and always lasted full three rounds. Fights took place
between wrestlers of same qualities and categories.

Blood samples were collected by experienced
medical technicians at four intervals: before the first
round (after warm-up), after the first round, after the sec-
ond round, and after the third round (end of fight). Sam-
ples were collected each time from a different finger.
Lactate concentrations were determined using Accutrend
Lactate Analyzer.

Data are reported using descriptive statistics in-
cluding mean values and standard deviation. The normal-
ity of distribution was assessed with Kolmogorov-
Smirnov test. T-test and one way-ANOVA were used for
analyzing the differences between groups and measuring
times. Tukey test was used for post-hoc comparison.
Value of o was set at 0.05 for all analysis. Data were
analyzed in Statistica v.7 software.

Received: 23 February 2009 / Accepted: 31July 2009 / Published (online): 01 November 2009



Lactate profile during wrestling match

Results

Data on age, physical characteristics and training experi-
ence of analyzed wresters and given in Table 1. Wrestlers
from group 1(EW) and 2 (CW) had similar body height,
body mass, and body mass index. Differences observed
between two groups were in age and years of experience -
wrestlers from group 1 were younger and had more train-
ing experience than wrestlers from group 2.

Table 1. Physical characteristics of subjects. Data are mean

(£SD).
Variables EW (N=10) CW (N=10)
Age (years) 21.0 (1.9) 27.1 (4.2) *
Body height (m) 1.80 (.08) 1.81 (.06)
Body mass (kg) 85.3 (11.8) 85.0 (12.3)
BMI (kg'm™) 26.3 (3.7) 25.9(2.5)
Training experience (years) 10.5 (1.9) 5.7@3.0)*

BMI: Body Mass Index; EW: elite level wrestlers; CW: club level
wrestlers. * p <0.001

Values of lactate increased as competition pro-
gressed, and they were highest at the end of the match for
both groups of wrestlers (Table 2).

Discussion

As the lactate is a by-product of anaerobic glycolysis,
higher increase in blood lactate concentration in wrestlers
indicates that they utilize more anaerobic glycolysis re-
serves in respect to the aerobic and PCr reserves
(Wilmore et al., 2008). Steady state is defined as the
highest blood lactate concentration for which the work-
load is sustainable over time without a continual blood
lactate accumulation (Billat et al., 2003). High blood
lactate concentrations, well above the steady state (in
various sports) indicate that without continuous signifi-
cant increase in blood lactate concentration, present level
of activity is unsustainable which in return forces the
wrestler to lower his physical activity and as a conse-
quence his activity in combat.

Recent data (Kraemer et al., 2001; Mahdi, 2007)
showed resting state lactate concentrations before warm-
up between 1.7 mmol-L™ to 2.3 mmol-L" which is lower
than our first measurement (2.6 mmol-L™). This can be
explained by our measuring of lactates after the warm-up.
Results of lactate concentrations obtained in first meas-
urement suggest that both groups of wrestlers had equally
effective warm-up routine. After the first bout, both the
elite and club level wrestlers significantly increased lac-
tate concentrations. Increase in lactate concentrations
after the second bout is present in the club and the elite
level wrestlers, however only the elite wrestlers show
significant increase. At the end of the match the club and

the elite wrestlers did not show significant increase in
lactate concentrations. Our findings of lactate concentra-
tion at the end of the match differ from lactate concentra-
tion values reported by (Kraemer et al., 2001). According
to these authors lactate concentration at the end of the
wrestling match were higher than values reported in this
study and they ranged from 17.1 to 20.0 mmol-L™". Ob-
served differences can be attributed to different FILA
rules at that time (two bouts, 5 minutes).

Observed differences in lactate concentrations after
the first bout between two groups (Table 2) suggest that
club wrestlers utilize greater degree energy from anaero-
bic glycolysis rather than from aerobic energy pathways
compared with the elite wrestlers. Even though third bout
differences of lactate concentrations between two groups
implicated that both groups were unable to sustain level
of activity from the previous bouts, elite wrestlers had
significant increase in lactate concentration in the first and
second bout suggesting that they either have more energy
reserves or they utilized it more prudently.

Although lactate concentrations are widely used for
approximation of energy derived from anaerobic glycoly-
sis, lactates can not explain energy expenditures of a
wrestler during the match. Total energy expenditure in the
match can be influenced by two groups of factors: physio-
logical and technical-tactical factors. Physiological factors
can be various, including total oxygen consumption
(VO,max), anaerobic threshold, blood and muscle buffer
capacity, hemoglobin and myoglobin levels, and economy
of effort. Technically-tactical factors include biomechan-
ics of wrestling techniques and tactical planning of com-
bat. The elite wrestlers have more years of experience so
it is expected that they are physically better prepared and
more proficient in techniques and tactics of wrestling. The
more experienced and successful wrestlers are likely to
utilize an economy of movement that allows them to exert
minimum of energy and optimal force, power or torque in
order to score points on the opponent (Horswill, 2000).
This could explain differences in energy expenditures and
therefore differences lactate profiles during the combat.

Further studies should incorporate more complex
physiological variables, such as oxygen consumption
(VO max), anaerobic threshold, measurement of H+ ions
and blood buffering capacity during the combat, as well
as morphological characteristics, such as body composi-
tion, together with lactate profile in order to gain a further
understanding of physiology during a combat situation.

Conclusion

In conclusion, we investigated the differences in match
lactate profiles between club and elite level wrestlers.
Our findings suggests that less proficient wrestlers (club

Table 2. Blood lactate (mmol-L™) characteristics and lactate kinetics parameters. Data are mean (£SD).

Variables EW (N=10) CW (N=10)
Lactate before the fight 2.61 (.58) 2.63 (.51)
Lactate after 1* bout 8.60 (2.15) T 11.83 (2.18) *¥
Lactate after 2™ bout 11.82 (1.58) £ 13.16 (3.23)
Lactate at the end of the fight 12.55 (1.80) 13.23 (1.47)

EW: elite level wrestlers; CW: club level wrestlers; * p < 0.05 for differences between groups;
+p <0.001 and significantly different between lactate before fight and lactate after 1* bout;
1 p <0.001 and significantly different between lactate after 1* bout and lactate after 2" bout
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wrestlers) utilize greater degree energy from anaerobic
glycolysis rather than from aerobic energy pathways thus
elevating lactate concentrations more quickly compared
with more proficient wrestlers (elite wrestlers). There is
no difference in lactate concentrations between two
groups at the end of the second and third bout. Thus,
suggesting that they were unable to sustain their level of
activity till the end of the match.

The information about lactate profile presented in
this study can be used by as an assessment tool of current
wrestling proficiency. Simulating match conditions and
measuring lactates, can determine whether wrestler lactate
profiles correspond to the club (less proficient) or elite
(more proficient) wrestlers. Thus it may be possible to test
wrestler's readiness and proficiency without need of more
experienced wrestling partners or organizing a real match.

References

Billat, V.L., Sirvent, P., Py, G., Koralsztein, J.-P. and Mercier, J. (2003)
The concept of maximal lactate steady state: a bridge between
biochemistry, physiology and sport science. Sports Medicine 33,
407-426.

Callan, S.D., Brunner, D.M., Devolve, K.L., Mulligan, S.E., Hesson, J.,
Wilber, R.L. and Kearney, J.T. (2000) Physiological profiles of
elite freestyle wrestlers. Journal of Strength and Condition Re-
search 14, 162-169.

Cinar, G. and Tamer, K. (1994) Lactate profiles of wrestles who partici-
pated in 32nd European free-style wrestling championship in
1989. Journal of Sports Medicine and Physical Fitness 34, 156-
160.

De Lima, E.V., Tortoza, C., da Rosa, L.C.L. and Lopes-Martins, R.A.B.
(2004) Study of the correlation between the velocity of motor
reaction and blood lactate in different times of combat in judo.
Revista Brasileira de Medicina do Esporte 10, 344-348.

Horswill, C.A. (2000) Physiology of wrestling. In: Exercise and sport
science. Eds: Garrett, W.E.Jr. and Kirkendall, D.T. 1* edition.
Chapel Hill: Lippincott Williams & Wilkins. 955-964.

Hiibner-Wozniak, E., Kosmol, A., Lutoslawska, G. and Bem, E.Z.
(2004) Anaerobic performance of arms and legs in male and
female free style wrestlers. Journal of Science and Medicine in
Sport 7, 473-480.

Hiibner-Wozniak, E., Lutoslawska, G., Kosmol, A. and Zuziak, S.
(2006) The effect of training experience on arm muscle anaero-
bic performance in wrestlers. Human Movement 7, 147-152.

Kraemer, W.J., Fry, A.C., Rubin, M.R., Triplett-McBride, T., Gordon,
S.E., Koziris, L.P., Lynch, J.M., Volek, J.S., Meuffels, D.E.,
Newton, R.U. and Fleck, S.J. (2001) Physiological and per-
formance responses to tournament wrestling. Medicine and Sci-
ence in Sports and Exercise 33, 1367-1378.

Lutoslawska, G., Hubner-Wozniak, E., Sitkowski, D. and Borkowski, L.
(1998) Relationship between anaerobic capacity and blood lac-
tate following the Wingate test in elite wrestlers during an an-
nual training cycle. Biology of Sport 15, 67-74.

Mahdi, K. (2007) Comparing three types of recovery programs on
removal of lactate after an intensive exercise. /2" Annual Con-
gress European College of Sports Science, July 11-14, Jy-
vaskyla - Finland. Book of Abstract, 1.

Nilsson, J., Csergd, S., Gullstrand, L., Tveit, P. and Egil Refsnes, P.
(2002) Work-time profile, blood lactate concentration and rating
of perceived exertion in the 1998 Greco-Roman wrestling
World Championship. Journal of Sports Sciences 20, 939-945.

Robergs, R. A., Ghiasvand, F. and Parker, D. (2004) Biochemistry of
exercise-induced metabolic acidosis. American Journal of
Physiology — Regulatory Integrative and Comparative Physiol-
ogy 287, 502-516.

Smith, C.G.M. and Jones, A.M. (2001) The relationship between critical
velocity, maximal lactate steady state velocity and lactate turn-
point velocity in runners. European Journal of the Applied
Physiology 85, 19-26.

Utter, A.C., O'Bryant, H.S., Haff, G.G. and Trone, G.A. (2002) Physio-
logical profile of an elite freestyle wrestler preparing for a com-

petition: A case study. Journal of Strength and Condition Re-
search 16, 308-315

Wilmore, J.H., Costill, D.L. and Kenny, W.L. (2008) Physiology of
sport and exercise. 4" edition. Human Kinetics Publishers,
Champaign.

Key points

e There were no significant differences in lactate con-
centrations at the end of the match between two pro-
ficiency levels of wrestlers.

e More proficient (elite) wrestlers raise lactates gradu-
ally through the wrestling match while less profi-
cient (club) wrestlers raise it abruptly at the end of
the first bout.

e Both groups of wrestlers are unable to sustain same
level of activity through the match suggesting that
they are utilizing too much energy from anaerobic
glycolysis.
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