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ABSTRACT

Hanon, C, Savarino, J, and Thomas, C. Blood lactate and

acid-base balance of world-class amateur boxers after three

3-minute rounds in international competition. J Strength

Cond Res 29(4): 942–946, 2015—To examine the blood

metabolic responses of world-class boxers involved in inter-

national competition (Test match), 33 male boxers (mean 6

SD) competing internationally across all the official weight

categories were studied on 2 different occasions: Test

match 1 (team A against team B) and Test match 2 (team

A against team C). Blood samples were collected after the

third round for both Test matches for all teams except team

B. For all Test matches and boxers, mean blood lactate

concentration ([BLac]), bicarbonate concentration, hemo-

globin O2 saturation (SaO2), partial pressure for CO2

(PCO2), and pH were 13.6 6 2.4 mmol$L21, 13.2 6 2.3

mmol$L21, 95.0 6 2.6%, 32.0 6 5.5 mm Hg, and 7.22 6

0.06 with 7/20 final pH values ,7.20. The intermediate

category (60–64 kg) was characterized by the greatest

[BLac] (14.8 6 2.9) compared with the heaviest and lighter

boxers (;12 mmol$L21). During the second match (team A

again team C), a significant difference between pH, PCO2,

and SaO2 values was observed with no concomitant differ-

ence in [BLac] suggesting a better buffering capacity in

team A. This result highlights the need for a well-

developed anaerobic and buffering capacity and indicates

that world-class boxers must be able to tolerate a substan-

tial level of acidosis to produce high levels of boxing activity

until the end of a match.

KEY WORDS boxing, elite boxers, blood metabolic responses,

international competition

INTRODUCTION

A
mateur boxing is characterized by intermittent
movement patterns with varying energetic de-
mands. In the past decades, the duration and num-
ber of rounds have varied from between three to

five 2-minute rounds and three 3-minute rounds. At the 2012
London Olympic Games, men’s bouts took place over 3
rounds of 3 minutes each with 1-minute intervals in between.
Each country is limited to 1 athlete in each category, thus
making qualifying for and achieving success at the Olympic
Games extremely difficult. Therefore, from a practical point
of view, valid competition data may aid in designing proper
conditioning programs for elite boxers and to optimize phys-
ical conditioning. Boxing conditions cannot be easily simu-
lated in controlled laboratory settings or in simulated bouts
that do not induce the same involvement from boxers.
Therefore, boxing-bout data need to be acquired during
actual competition. The results could then be used to regulate
training protocols for the characteristic demands of the three
5-minute rounds of amateur boxing.

Boxing has been defined as a technical sport generating
high levels of energetic expenditure (7). Because of the
difficulty in measuring oxygen uptake during an actual or
simulated boxing competition, there are currently no data
available regarding aerobic contribution. The aerobic chal-
lenge of competition has been demonstrated by heart rate
values (HR) recorded during simulated bouts or by maxi-
mal oxygen consumption (V_ O2max) values of the boxing
population, measured during an incremental running test.
During simulated fights, our team has previously reported
final heart rate, compared with the incremental test maxi-
mal heart rate, to be maximal at the end of the third round
(185 6 3 b$min21) (18), confirming work by Ghosh et al.
(13) (178 b$min21) or Smith (17), respectively, in an Indian
or English equivalent population. It is known that HR may
be influenced by other crucial factors in boxing competi-
tion, such as psychological stress and mental concentra-
tion (4), as well as fluid loss (15), and may lead to an
inaccurate estimation of metabolic demands. Therefore,
the conclusions reported from these data could be ques-
tionable. A relative V_ O2max value between 58 and
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64 ml$min21$kg21 has been reported for groups of senior
international boxers (12,14,17), with a value of 69.1
ml$min21$kg21 for a British Olympic medalist (17), sug-
gesting the requirement for an amateur boxer to have
a well-developed aerobic capacity. It seems that determin-
ing an accurate aerobic contribution in actual boxing con-
ditions is difficult; however, the importance of having
a high aerobic capacity has been demonstrated in boxing-
specific literature (17).

In comparison, anaerobic contribution can be measured by
postexercise blood lactate response and is more broadly
documented. Numerous studies performed with well-trained
boxers observed a postcompetition blood lactate concentra-
tion ([BLac]) equivalent to 8 mmol$L21 (13,18) and 12
mmol$L21 (8) in trained and novice boxers, respectively.
Based on a very large cohort of international junior and senior
boxers (n . 150), the range of values presented by Smith (17)
with different contest formats, was 6 and 18 mmol$L21 (17).
This final [BLac] does not systematically reflect the [BLac]
during the round since the boxing intensity fluctuates widely
throughout a round. Therefore, the movement pattern
(throwing punches for example) occurring during the last 30
seconds could largely induce the [BLac] measured at the end
of the round. Furthermore, according to the level of the buff-
ering capacity of the boxer, a similar [BLac] could induce
different levels of acidosis (11).

Therefore, the aim of this study was to describe
blood metabolic responses such as [Blac], pH, blood
bicarbonate concentration ([HCO3

2]), hemoglobin O2 satu-
ration (SaO2), and partial pressure for CO2 (PCO2) of world-
class boxers during international competition (official Test
matches) performed with official rules (three 3-minute bouts).

METHODS

Experimental Approach to the Problem

Data were collected at 2 different official competitions (Test
matches 1 and 2), from 3 national teams representing 3
countries (A, B, and C) that had selected their best national
boxers in each category. All the boxers tested in this study
trained twice a day.

Test match 1 was organized in January between 2 European
countries (A and B), that corresponded to the preparation
period. Test match 2 was organized in May with a European
country (team A) opposite to an Americas team (team C) that
corresponded to a precompetitive period. Regarding team 1,
the different categories were always represented by the same
boxers in both Test matches, which explain why we called it
A0 during the second Test match. The matches were official
Test matches with public and official referees and were not
organized specifically for the study. Data were only collected
for team A, A0, and C. Over 7 days preceding Test match 2,
the training load was similar for team A0 and C (mutual train-
ing camp). During these Test matches, team A won against
team B and team A0 against team C.

Subjects

Twenty-eight boxers (mean 6 SD) age: 21.5 6 2.1 (range from
19 to 25 years) years, body mass: 67.0 6 14.6 kg, selected for
their respective national team, 6 had already won a world medal
(Olympic Games or World Championships), took part in this
study. Informed consent documents were signed for all subjects.

Procedures

In Test match 1, team A0 met team B (1 boxer in each weight
category from 48 to 81 kg and 3 boxers at 91 kg, for a total of

TABLE 1. Blood metabolic data (mean 6 SD) recorded during the 2 Test matches.*†

Categories (kg) 48 51 54 57 60 64

Subjects 3 2 3 3 3 3
pH (a.u) 7.29 6 0.05 7.23 6 0.11 7.23 6 0.04 7.19 6 0.08 7.20 6 0.04 7.20 6 0.04
[HCO3

2] (mmol$L21) 14.0 6 1.3 12.8 6 2.5 12.1 6 0.6 13.2 6 2.8 14.9 6 5.4 12.7 6 1.9
SaO2 (%) 97.0 6 2.0 95.5 6 4.9 94.7 6 4.0 96.0 6 1.0 93.6 6 5.1 93.6 6 0.6
PCO2 (mm Hg) 29.2 6 4.3 31.3 6 4.9 28.8 6 3.7 35.3 6 4.9 32.6 6 6.8 32.1 6 3.1
[BLac] mmol$L21 11.4 6 1.5 12.9 6 0.4 13.2 6 0.8 15.4 6 2.6 13.3 6 1.3 17.0 6 2.3

Categories (kg) 69 75 81 91 Mean 6 SD

Subjects 3 3 2 4 33
pH (a.u) 7.22 6 0.08 7.19 6 0.08 7.21 6 0.04 7.26 6 0.03 7.22 6 0.06
[HCO3

2] (mmol$L21) 12.6 6 2.0 12.0 6 1.9 12.0 6 0.4 14.0 6 2.6 13.2 6 2.3
SaO2 (%) 96.0 6 2.6 96.3 6 2.5 92.0 6 0.9 95.0 6 1.0 95.0 6 2.6
PCO2 (mm Hg) 34.3 6 6.2 30.4 6 2.2 32.6 6 5.6 33.2 6 3.7 32.0 6 5.5
[BLac] mmol$L21 13.8 6 2.1 14.2 6 2.7 14.4 6 0.8 11.6 6 2.9 13.6 6 2.4

*[HCO3
2] = bicarbonate concentration; SaO2 = hemoglobin O2 saturation; PCO2 = partial pressure for CO2; [BLac] = blood

lactate concentration.
†Subjects of team A (Test match 1) and teams A0 and C included (Test match 2), n = 33.
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13 boxers), with data being collected from team A only due
to the fact that team B did not wish to participate in the
evaluations.

During Test match 2, team A met team C (10 boxers in
each team and each weight category), and blood variables
and given punches were collected for both teams. Five of 10
boxers were selected in team A and A’.

Blood Variables Collection

Three minutes after the end of the last round, arterialized
capillary blood samples (85 mL) were taken from hyperemized
earlobes to measure blood pH, [BLac], arterial oxygen satura-

tion (SaO2), partial pressure for
CO2 (PCO2), and bicarbonate
concentration ([HCO3

2]) with
an i-STAT dry chemistry ana-
lyzer (Abbott, Les Ulis, France).
To test the effect of weight cat-
egory on blood variables with
a higher strength, the results of
2 of the next weight categories
were averaged (48–51, 54–57,
60–64, 69–75, and 81–91), N =
6 in each subgroup, except N =
5 (48–51 kg).

Number of Punches

In the last round between team
A0 and team C, the number of
punches given by each boxer
was recorded by 2 experienced
boxing coaches. To account
only for the physical exertion,
this score was made irrespec-

tive of whether the punch obtained a point from the judge.
The retained final value corresponded to the average of the
scores obtained by the 2 coaches.

Statistical Analyses

Data are presented as mean6 SD. The level of significance was
set at p # 0.05. To compare the postboxing metabolic re-
sponses of team A0 and C, the Student t-test for unpaired data
was applied. The difference in blood lactate concentration
between each weight category was analyzed by a 1-way anal-
ysis of variance. When a significant F ratio (p # 0.05) was
obtained, a Student-Newman-Keuls test was used to locate sig-

nificant mean differences. The
relationship between [Blac] and
the number of punches (team
A’ + team C) was analyzed by
a Pearson’s correlation coeffi-
cient (version 5.0; Statview soft-
ware, Berkeley, CA, USA). To
answer the question of overall
metabolic responses after a box-
ing match (Table 1) and the
question of the influence of the
weight class on lactate (Figure
2), 5 subjects were included
twice (team A and A0). We con-
sider also that boxer activity is
inherently associated with the
direct opponent and can vary
greatly from match to match
(19). Indeed, Varley and Aughey
(19) suggested that the activity
of a soccer player is influenced
by the tactics of their team, the

Figure 1. Blood metabolic responses after Test match 2 (team A and team C). *p # 0.05; **p , 0.001. Subjects
of all weight categories of teams A and B, n = 20.

Figure 2. Relationship between [BLac] and weight categories. R2 = 0.97, y = 20.62x2 + 3.8x + 8.9, N = 5 (48–
51), 6 (54–57), 6 (60–64), 6 (69–75), 6 (81–91). [BLac] = blood lactate concentration (mmol$L21). *p # 0.05
significant difference in [BLac] between each weight category.
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opposition team, and most importantly their direct opponent.
Thus, the activity profile of a given individual will vary greatly
from match to match (for boxing and soccer). As such, it is with
this reasoning that we favor the approach of considering each
boxer of teams A and A0 as an independent case, as did Varley
and Aughey (2013).

RESULTS

Blood Data

The blood metabolic data (team A in Test match 1 and team
A’ + team C in Test match 2) are presented in Table 1.
During Test match 2 (team A0 against team C), a significant
difference was observed for pH, SaO2, PCO2, with values for
team A0 and C, respectively: pH (7.26 6 0.05 and 7.20 6
0.06, p # 0.05), SaO2 values (97.9 6 1.6 and 93.7 6 1.1,
p , 0.01) and PCO2 (27.1 6 2.8 and 33.7 6 3.3, p , 0.01)
(Figure 1). No significant difference was noted between team
A0 and C for [BLac].

When using a regression to reveal the evolution of the
[BLac] data with weight categories (Figure 2), an inverted U
(second degree polynomial) was the best fit (y = 20.62x2 +
3.8x + 8.9, R2 = 0.97) with the intermediate category (60–64
kg) being characterized by the highest [BLac] (14.86 2.9) and
the extreme categories (48–51 kg) and Super Heavy Weight
(81–91 kg) being differentiated by the smallest values (;12
mmol$L21). There were significant differences in blood lactate
concentration between each weight category (p # 0.05).

The number of punches recorded in the last round of the
Test match between team A0 and team C was 32.3 6 10.6.
The correlation measured between these values and [BLac]
was 0.42 (p = 0.06). No effect from the weight category was
detected on the number of punches (p . 0.05).

DISCUSSION

The data recorded from elite amateur boxers over three
3-minute rounds in an Olympic format highlight alteration
of acid-base balance during an elite boxing activity, with the
lowest pH and [HCO3

2] being reflected in the best world-
class boxers. These data also suggest that boxing in the
intermediate category (57 and 64 kg) induced the highest
[lactate] and [H+] (Table 1).

Given the limitation from coaches that we take only 1
single blood sample after an complete boxing bout, we chose
to take the sample corresponding to the boxer’s recovery
duration (3 minutes), where postbout [BLac] has been
shown to peak (11.8, 10.8, and 9.9 mmol$L21 at 3, 5, and
7 minutes, respectively) (8). Compared with previous data
collected 20 years ago in elite boxers (18) for similar boxing
bouts (three 3-minute rounds), these data demonstrated
a large increase in postexercise lactate concentration
(8.2 6 2.9 and 13.6 6 2.4 mmol$L21). This increase could
be due to the use of different lactate analyzers, a consequence
of modified rules, and general sport professionalization over
the past few decades or to the present more official context
of the competition. Indeed, the opposition between teams A0

and C was very balanced and the boxers needed to maintain
intensity until the end to win a match. Compared with the
most recent study done with novice boxers (8), postmatch
[BLac] was consecutive to 15–20 total punches recorded in
the last round, whereas in this study, the number of punches
was .30 and that could partly explain the difference in
lactate concentration. Compared with other combat sports:
Karate kata: 8 mmol$L21 (5), taekwondo: 3 (6) and 11
mmol$L21 (2), judo: 12 mmol$L21 (9), boxing seems to
require the greatest anaerobic contribution. In amateur box-
ing, Ghosh et al. (13) observed that anaerobic solicitation
remained the same in all weight categories. In comparison,
in international taekwondo competition, the activity profile
was modulated by competitors’ weight category (2).

Ghosh et al. (13) previously observed that anaerobic con-
tribution remained the same in all weight categories in boxing,
whereas the activity profile has been demonstrated to be
modulated by a competitor’s weight category in taekwondo
(3), which is unlike this study where the highest values were
recorded in the intermediate categories. In taekwondo, heavy-
weights are supposed to be subjected to greater fighting
demands such as concentric and isometric actions of the
upper- and lower-body musculature, and therefore to addi-
tional energy requirements. If we consider that [BLac] de-
pends on both muscle mass involved and the level of
glycolysis activation induced by the fighting demand, this
result could indicate that the intermediate categories represent
the highest combination of these 2 factors in boxing. An
ineluctable limitation of this study performed with world-
class subjects is the number of data in each category. This
methodological point makes a peremptory conclusion difficult.
Nevertheless, the question of conditioning sessions specialized
to the requirements of specific weight categories, as suggested
in taekwondo, could be of interest in a boxing context.

To the best of our knowledge, this was the first time that
the blood acid-base balance of boxing bouts was measured
and collected. The pH, [HCO3

2], and SaO2 values were
around 7.20, 13 mmol$L21 and 95% with 7/20 pH values
,7.20. Because of the lack of available data recorded during
competitive combats bouts, these values cannot be easily
compared. These postexercise pH and [HCO3

2] values
reveal that world-class boxers must be able to tolerate
a moderate, but substantial level of acidosis to produce high
levels of boxing activity until the third round. Interestingly,
the 3 boxers who presented the highest [BLac] and acidosis
(19 mmol$L21 and ,7.20) were the 3 best world-class
boxers in their category and had already won a world title,
which suggests the high anaerobic potential in these
boxers. Furthermore, these 3 boxers threw more than 40
punches during the last round. Therefore, one can hypoth-
esize that the best world boxers are able to achieve a high
physical intensity during the 3 rounds and support a high
level of acidosis.

These results also illustrate that there was no direct
relationship between [BLac] and blood pH (1). If we
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compare team A and A0 data, one can note that a similar
[BLac] did not induce similar pH values. In the same way,
although the [BLac] were similar between team A0 and team
C in the second Test match, the difference in pH values were
significantly different, potentially indicating a better buffering
capacity for team A0 compared with team C in the second
Test match. One can then hypothesize that team A had
improved its physical conditioning between Test match 1
and that the global buffering capacity of team A0 was more
effective compared with team C during Test match 2. A
greater buffering capacity has been shown to improve
high-intensity exercise performance by allowing anaerobic
glycolysis to continue during maximal exercise, resulting in
a larger lactate production without a concomitant increase in
H+ accumulation (11)/or to a lower H+ accumulation for
a similar lactate production. The significance of a buffer
capacity for boxing was demonstrated by the effectiveness
of a loading dose of sodium bicarbonate to improve punch-
ing efficacy (16).

In the same way, when the values collected for team A
and team C were compared, pH and SaO2 were statisti-
cally lower and PCO2 greater in team C compared with
team A. These lower SaO2 and pH values for similar
[BLac] in team C compared with team A are questionable
and could also be related to the quality of the mouth-
guards. Indeed, it has been previously demonstrated that
noncustom mouthguards may reduce ventilation and oxy-
gen uptake at maximal efforts by ice hockey players (10)
that could be mediated by a reduced Hb saturation due to
impaired ventilation. In this study, the significantly greater
PCO2 values measured in team C compared with team A
could also reflect impaired ventilation. This hypothesis
needs to be tested to possibly focus on this point in boxing
conditioning.

PRACTICAL APPLICATIONS

Based on the [BLa] measured after the third round, this
study highlighted the substantial alteration of the acid-base
balance in international boxing competition. Postexercise pH
and [HCO3

2] revealed that world-class boxers must be able
to tolerate a moderate, but substantial level of acidosis to
produce high levels of boxing activity until the third round.
It is of note that the 3 boxers who presented the greatest
[BLac] and acidosis in comparison with others (19
mmol$L21) and ,7.20, were previous world champions,
suggesting that the best world-class boxers are able to
achieve a high physical intensity during the 3 rounds and
support a high level of acidosis. Therefore, general or specific
boxing training sessions aimed at improving buffering capac-
ity could help boxers to score points in the last half of the
rounds. Whether this lactate production would be more evi-
dent in the intermediate categories needs to be tested with
a larger sample of elite boxers.
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