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AbStrOCt This review focuses on the most important physical and physiological
characteristics of karate athletes from the available scientific research. It has
been established that karate's top-level performers require a high fitness level.
Top-level male karate athletes are typified by low body fat and mesomorphic-
ectomorphic somatotype characteristics. Studies dealing with body compo-
sition and somatotype of females are scarce. Aerobic capacity has been
reported to play a major role in karate performance. It prevents fatigue during
training and ensures the recovery processes during rest periods between two
subsequent bouts of fighting activity within a fight and between two con-
secutive matches. It has been established that there is no significant difference
between male and female kata (forms) and kumite (sparring/combat) athletes
with regard to aerobic performance. Nevertheless, further studies are needed
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to support these findings. Concerning anaerobic performance, there is a dif-
ference in maximal power explored by the force-velocity test between national
and international level karatékas (karate practitioners) but, for the maximum
accumulated oxygen deficit test there is no difference between them. Muscle
explosive power plays a vital role in a karateka's capacity for high-level per-
formance. However, it has been revealed that vertical jump performance,
maximal power and maximal velocity differed between national- and inter-
national-level karatékas. Moreover, it has been reported that karate perfor-
mance relies more on muscle power at lower loads rather than higher ones.
Thus, karate's decisive actions are essentially dependent on muscle explosive
power in both the upper and lower limbs. With regard to dynamic strength,
limited research has been conducted. The maximal absolute bench press, half-
squat one-repetition maximum and performance of isokinetic tasks differed
significantly between highly competitive and novice male karatékas. Studies
on female karate athletes do not exist. Concerning flexibility, which is im-
portant for the execution of high kicks and adequate range of action at high
speeds, it has been demonstrated that karate athletes' ranges of bilateral hip
and knee flexion are greater compared with non-karate athletes. Finally, re-
action time is a crucial element in karate because high-level performance
is based essentially on explosive techniques. A significant difference in the
choice reaction time between high-level and novice karatékas exists. Further
research is needed concerning the physiological characteristics of female
karatékas, the differences between kata and kumite athletes and variations
based on weight categories.

1. Introduction

Karate literally translated means 'empty hand',
and it is derived from a martial art developed in
Okinawa, Japan, in the early 17th century just
after the Japanese conquered this island and
banned the use of all weapons. After World War
II, karate spread throughout the world, and it
is currently one of the most attractive combat
sports, a fact confirmed by the millions of people
who practice karate worldwide. Many karate
styles exist, but only four are recognised by the
World Karate Federation (WKF): Goju, Shito,
Shotokan and Wado. Each of them follows specific
ideas, which result in variations of techniques.''^
Karate is divided into kata and kumite. Kata is a
set form in pre-established sequences of offensive
and defensive techniques and movements. Ka-
ratekas (karate practitioners) have a time range
of 60-80 seconds to finish the kata, and every
second over or under the fixed duration is penal-
ized according to the WKF.f'^ In national and

international competitions, kata performance
judgement is essentially based on assessing the
following: technique, rhythm, power, expressive-
ness of movement and kime (short isometric
muscle contractions performed when a technique
is finished). The last assessment category represents
the most important criterion of proper kata execu-
tion. Kumite, in contrast, is a real match/combat
between two competitors under strict rules; they are
free to move, kick and punch in defensive and of-
fensive manners. Sports fight rules in karate set the
following values: 1 point (Yuko); 2 points (Waza-
Ari); and 3 points (Ippon). Ippon is adjudicated for
leg kicks to the head and the techniques of cleaning
and throwing, which result in a final fall of the op-
ponent or a final punch. Waza-Ari is adjudicated
for kicks to the trunk and punches to the back,
including the back of the head and neck. Finally,
Yuko is awarded for single arm punches to the
head and body.''!

The criteria for kumite performance judgement
include good form, fair play, vigorous application
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of kicks and punches, awareness (zanshin), good
timing, and adequate distance. In karate, attacks
are limited to the following areas: head, face,
neck, abdomen, chest, back and side.f The time
limit of kumite competitions is 3 minutes for male
senior athletes and 2 minutes for senior females,
as well as the junior and cadet divisions of both
genders.''' The main competition in karate, for
both kumite and kata, is the World Championship
for each age category (cadets 14-15 years; junior
16-17 years; and senior 18+ years). It should be
noted that the age of junior team kata is approxi-
mately 14-17 years, and senior teams and individual
kata athletes are generally 16+ years. Additionally,
karate competitions are organized according to
weight classes. There are five weight categories
among senior kumite karate athletes for both
male (<60 kg, <67 kg, <75 kg, <84 kg and >84 kg)
and female karatékas (<50kg, <55kg, <61kg,
<68 kg and >68 kg).''' As in other combat sports,
the main objective of weight class divisions is to
create equitable combat matches among compe-
titors in terms of strength, agility and leverage.'^'^'

The physiological characteristics of athletes
are generally measured by testing their components'
fitness and skill. The fitness components usually
include cardiorespiratory endurance, muscular
strength, muscular endurance, flexibility and body
composition.''*' On the other hand, skill-related
components usually include speed, agility, power,
balance, coordination and reaction time.'"*' Most
combat sports require a mix of technique, strength,
aerobic fitness, power and speed. Generally, no
single performance characteristic dominates in
combat sports.'^

Karate athletes have to perform several high-
intensity actions during the match. Top-level ka-
rate athletes have high fitness levels and, according
to Baker and Bell,''^ karate fighting is considered a
high-intensity event.

One of the most important challenges confront-
ing coaches and athletes is to understand the main
physiological factors contributing to the success or
failure of a karatéka. Having information about
the different fitness components of karatékas by
reviewing the literature may be useful. This can
become the basis to reveal strengths and relative
weaknesses and promote the development of op-

timal future training programmes. Thus, this study
was conducted to review some of the physiological
factors available in the scientific literature related to
high-level karate competitors.

The search for scientific literature relevant to
this review was performed using the US National
Library of Medicine (PubMed), Web of Science,
SPORTDiscus"^" and Google Scholar databases.
The literature search period used was from January
1980 to December 2011. The specific terms utilized
included 'karate', 'karate AND performance',
'karate AND physical fitness', 'karate AND an-
thropométrie characteristics', 'karate AND aerobic
energy system', 'karate AND anaerobic energy
system', 'karate AND muscular power' and 'ka-
rate AND muscular strength'. The retrieved
studies were further selected based on their pur-
pose, methodology, and number and character-
istics of karate athletes studied. In some cases,
articles cited in these previous investigations re-
trieved during the original search were also in-
cluded when the authors considered that they
could contribute in specific topics.

2. Anthropométrie Ctiaracteristics

2.1 Body Composition

In karate, the morphological characteristics of
an athlete are extremely important. Studying the
anthropométrie characteristics of karate athletes
can provide specific details on the morphological
and functional biotype best suited for this combat
sport. Indeed, in sports activities, particularly those
in which athletes compete based on well defined
weight categories like karate, a weight increase due
to fat accumulation may lead to poor athletic per-
formance or, worse, to competition in a heavier
weight category, which dramatically reduces the
performance capacity of the karatéka.'^ Thus, as-
sessing the body fat percentage of karatékas re-
quires special attention. In table I, the percentage
of body fat of top-level karatékas of different na-
tionalities is presented.

Karatekas' weight categories range from
<60kg to >84kg for male and from <50kg to
>68 kg for female athletes.''' It is desirable that
karate athletes have a small percentage of body
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Table I. Body fat {%) in karate athletes

Participants (n)

French male:
Junior international level (10)

Junior national level (12)

Italian male:
Amateur (8)

Japanese male:
Elite (6)

Novice practitioners (8)

French male:
International level (10)

National level (8)

Portuguese male:
International level (10)

British male:
International level (11)

Japanese male:
High level (7)

Novice ievel (9)

Botswana male:
National level (10)

Polish male:
International level (14)

National level (16)

Italian male:

Elite level (14)

Amateur level (21)

Elite level (14)

Amateur level (21)

Botswana female:
National level (7)

American male practitioners:
4 white beits, two blue belts, two brown belts
and one black belt (9)

Brazilian college male athletes (12)

Japanese male (6 with 2 from national team)

Polish skilled practitioners (12)

NR = not reported; SD = standard deviation.

Body weight (kg)
[mean±SD]

71.3±11.9

69.2 ±10.4

72.25 ±6.36

66.8 ±8.9

59.9 ±7.3

71.9±11.4

70.7 ±12.2

71.13±9.35

78.8 ±10.3

66.3±8.2

60.1 ±6.9

68.2 ±8.9

86.1 ±8.25

81.4±11.99

72.4 ±8.7

69.2±8.9

72.4±8.7

69.2±8.9

59.6±4.5

72.8±7.8

68.0±11.1

65.0±5.9

79.1 ±9.6

Body fat (%)
[mean±SD]

13.1 ±4.4

13.4 ±3.8

11.49±4.15

7.5 ±1.6

10.1 ±4.4

13.7±4.1

13.6 ±4.5

14.1 ±3.46

16.5±4.6

10.7±2

12.6±4.5

12.2±4.6

16.8±2.51

15.8 ±1.93

8.1 ±2.4

8.9±3.3

9.8±1.6

11.2±3.7

18.6±3.2

12.4±6.4

10.5 ±3.0

12.8 ±6.0

12.613.3

Prediction equation
reference

8

11

13

NR

NR

17

13

20

22

24

25

20

11,26

11

8,17

NR

References

9,10

12

14

15

16

18

19

21

23

7

21

27

28

29

30

fat. However, the body fat percentage range of
top-level male karatékas extends from approxi-
mately 7.5% for Japanese''"! to 16.8% for Pohsh
elite-level karatekas.'^^^ The percentage of body
fat for male karate athletes from the French in-
ternational-level team was 13.7%.''^' Imamura
et al.''^l reported that there is no significant dif-
ference regarding the mean body fat percentage
between highly competitive and novice karate

athletes. In contrast, the lean body mass is signif-
icantly different between groups, being higher in
top-level competitors compared with novice ka-
rate competitors.'"! Giampietro et al.'^l revealed
that the body composition of two groups of ath-
letes practicing karate at high and medium com-
petitive levels was similar, while much lower body
fat was presented by elite compared with medium-
level karate athletes.
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There is only one study deahng with the re-
lationships between the karateka's competition
success rate and body fat percentage,^-"' and the
results indicated that there was no difference in
skinfold thickness between the winning group
versus the defeated group. Though not conclusive,
these studies showed that some elite karatékas have
low levels of body fat, similar to that of elite en-
durance runners, while others had higher percen-
tages of body fat that did not prevent them from
high-level performance. Thus, we can conclude
from the presently available data that body fat
does not seem to be a karate performance de-
terminant.

2.2 Somatotype

Regarding the somatotype, Giampietro et al.'^'
reported that karate athletes competing at high
and medium levels appear to have the same so-
matotype characteristics. This group concluded
that the dominant anthropométrie feature among
top-level athletes is prominent vertical skeletal
development. Katie et al.'^^' reported longitudi-
nal skeletal development to be one of the pre-
dictors of karate performance. Moreover, elite
karatéka athletes have greater development of
their vertical physical build, highhghted by an
average somatotype (mesomorphic-ectomorphic).'^
In karate, a sport where the body must be propelled
through space as fast as possible, being more en-

domorphic is suggested to be detrimental to per-
formance.t^'^^'^^' Pieter and Bercadest̂ "*! revealed
that karatékas were more ectomorphic, which
confirms the findings of Giampietro et a\P^ for
Italian male karatékas. In addition, Fritzschel
and Raschka'^^' reported that German ehte male
karatékas are more ectomorphic than their lower
ranked colleagues. Table II summarizes studies
dealing with the somatotype of karate practition-
ers. In general, top-level male karate athletes have
high rates of mesomorphic-ectomorphic char-
acteristics and less endomorphic characteristics.

Concerning female karate athletes, they have
similar rates of mesomorphic and endomorphic
somatotypes.'^'--''*'^^' Somatotype differences be-
tween top-level kata and kumite athletes have not
yet been reported. Thus, it seems that the karatéka
somatotype has an impact on overall karate per-
formance.

2.3 Bone Mineral Density

Andreoli et al.'^^' revealed that karate practi-
tioners had a higher bone mineral density (mean +
standard deviation [SD]: 1.36±0.08g/cm^) than
age-matched untrained individuals (1.27 + 0.06 g/
cm^). More recently, Drozdzowska et a.\P^ re-
vealed significant differences in bone mineral den-
sity assessed by a quantitative ultrasound method
that compared karate athletes with control sub-
jects. These authors suggested that karate is a

Table II. Somatotype of karate practitioners

Karateka characteristics (n)

Italian male:
Elite level (14)

Amateur level (21)

Amateur level (21)

National level (16)

Botswana male:
National level (10)

Botswana female:
National level (7)

Philippine male:
National level (12)

Philippine female:
National level (5)

SD = standard deviation.

Endomorphy
(mean±SD)

2.1 ±0.6

2.6±0.9

3.7±1.1

3.5±1.1

2.5±1.1

4.4 ±0.8

2.42 ±0.72

3.05 ±0.91

Mesomorphy
(mean±SD)

3.5 ±1.0

4.2 ±1.2

5.8±0.8

5.0 ±0.9

3.9±0.9

4.7 ±1.2

4.70 ±0.95

3.68 ±0.89

Ectomorphy
(mean±SD)

3.1 ±0.8

2.7 ±1.2

1.3±0.6

2.0±0.6

3.0 ±1.2

1.3±1.1

2.55±1.10

2.38 ±1.03

References

7

23

21

34
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sport with a positive influence on skeletal status
with the most significant benefits occurring in
adults. Prouteau et al.'^^' found total bone min-
eral density (mean±SD) of 22 male judoists to
be 1.40 ±0.10, but only 1.28 ± 0.06 g/cm^ for un-
trained men. Judoists local lumbar spine bone
mineral density was 1.28 + 0.13, but 1.12 ±0.11
g/cm^ for untrained men. Accordingly, hip bone
mineral density of judoists was 1.29 ±0.11, but
only 1.18±0.12g/cm^ for untrained men. All of
these findings suggest that practicing combat
sports may help enhance bone mineral density. Bone
mineral density and body composition may con-
tribute to the athlete's maintenance of his per-
formance ability during compromising training
or competition positions, and they may decrease
the incidence of injury.

Overall, a proportionally low body fat mass in
various body parts will surely allow the karatéka
to accelerate and decelerate rapidly, as is required
by this sport.!-''! Generally, top-level male karate
athletes are characterized by low body fat and
mesomorphic-ectomorphic properties at the elite
level. However, further studies are needed to
precisely establish the somatotype of elite-level
female karate athletes.

3. Physiological Profile

3,1 Aerobic Profile

One of the most important factors governing
an athlete's performance is their level of cardio-
respiratory endurance. Cardiorespiratory endurance
involves the ability to sustain prolonged exercise
involving both the cardiovascular and respiratory
systems. The body's demand for oxygen during
strenuous activity is dependent on the efficiency as
well as the ability of these systems to work together.
Maximum oxygen uptake (VO2max) is considered a
key determinant of an individual's current level of
cardiorespiratory fitness. VO2max is widely used by
researchers to indicate an athlete's level of cardio-
vascular functional capacity. It is defined as the
largest amount of oxygen that an individual can
utilize during an exercise of increasing intensity.''*"'

VO2max is Considered to be a valid indicator of
respiratory, cardiovascular and muscular system

cooperative function.''"' For activities where body
mass is used to classify athletes in weight cate-
gories, such as karate, oxygen uptake is measured
relative to body mass in mL/kg/min. It has been
reported that the V02max (mean±SD) of national
and international male karate practitioners ranges
from 47.8 ±4.4 to 61.4±2.6 mL/kg/min (table III),
and from 32.75 ±4.1 to 42.9 ±1.6 mL/kg/min for
females (table III). The disparities in findings
presented in table III regarding the V02niax values
may reflect differences in the mode of exercise
testing. In some studies, a cycle ergometer was
used, which results in 8-10% lower V02niax values
compared with those achieved during treadmill

[4950)

The V02max of male karatékas from the
French national- and international-level team was
above 60 mL/kg/min after a period of high-intensity
interval training.'''^ In comparison to other top-level
athletes in various sports, the V02max of top-level
karate athletes was similar to those of estabhshed
taekwondo athletes'^''^^' and wrestlers;'^^' how-
ever, it was lower than those values reported in
boxers.'^'*' More recently, Campos et al.'^^' show-
ed that karate required a much higher percentage
contribution of aerobic metabolism when compared
with taekwondo (mean±SD; 66 ±6%, 30 ±6% and
4 ±2%, respectively, for aerobic, anaerobic alactic
and anaerobic lactic systems). This difference may
be due to the difference in kumite duration or the
use of more upper limb techniques in karate com-
pared with taekwondo.'^^' Aerobic capacity is
necessary to prevent fatigue during training, during
the breaks between subsequent bouts of fighting
activity within a fight and to improve the recovery
process between consecutive matches.''^'^^' Al-
though most studies revealed that both experi-
enced and ehte karate practitioners had similar
values of V02max''^'"^ (table III), these findings
suggest that V02max seemed not to be influenced
by the level of karate performance.''^'

The study of Doria et al.''*'*' comparing aerobic
performance of both top-level male and female
kata and kumite athletes reported that there was
no difference in V02max relative to body mass
between top-level male kata and kumite practi-
tioners and top-level female kata and kumite prac-
titioners. Nevertheless, the findings of Doria et al.''*'*'

Adis © 20)2 Springer Internationai Pubiishing AG. Aii rights reserved. Sports Med 2012; 42 (10)
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Table III. Aerobic fitness of karate athletes

Study

Francescato et al.''^'

Imamuraetal.i''*'

Imamura et al.''^'

Imamura et al.'"^'

Imamura et al.'''^'

Ravier et al.t'°i

Doria et al . i " !

Ravier et al.'''=l

Yoshimura and Imamura'''^'

Shaw and Deutschi"!

Zehr and Salei"^

lide et al.!"^!

Sample characteristics (n)

Amateur level male (8)

Japanese male:
Elite level (6)

University level (8)

Japanese male:
Elite level (7)

Novice level (9)

Practitioners (9)

Japanese female:
University level (6)

French males:
International level (10)

National level (12)

Italian males:
Elite kata (3)

Elite kumite (3)

Italian female:
Elite kata (3)

Elite kumite (3)

French national- and international-level males
(17; EG = 9;CG = 8)
[VOjma, tiere measured before and after a
high-intensity intermittent njnning training

(20 sec/15 sec; 7-9 sets; 140% VOa^ax)]

Japanese female;
Collegiate level (15)

American male practitioners;
(9; 4 white belts; 2 blue belts; 2 brown belts and
1 black belt)

Practitioners (4 black belt [one 1 st dan, two 2nd
dan, one 5th dan])

Japanese male:
Black belt karatékas with more than 2 years'
experience (12)

Ergometer

Cycle ergometer

Treadmill

Treadmill

Treadmill

Treadmill

NR

Cycle ergometer

Treadmill

Treadmill

Treadmill

Cycle ergometer

Treadmill

-

VOa^ax (mUkg/min)
[mean ± SD)

36.83 ±5.35

59 ±6.6

57.5 ±5.2

57.5 ±5.2

57.2 ±4.9

58.6 ±6.8

42.7 ±5.1

57.2 ±4.1

58.5 ±3

47.8 ±4.4

48.5 ±6

42.4 ±1

42.9 ±1.6

EG before: 58.7 ±3.1
EG after; 61.4 ±2.6
CG before; 58.2 ±3.1
CG after; 58.1 ±4.4

32.75±4.1

56.1 ±5.4

45.5 ±5.0

51.2±4.3

CG = control group; EG - experimental group; NR = not reported; SD=standard deviation; V02max = maximal oxygen uptake.

cannot be considered conclusive because of the
very small sample size. Moreover, Koropanovski
et al.Î l̂ reported that there is no difference be-
tween kata and kumite male karatékas regard-
ing aerobic endurance as measured by the field
shuttle run test,'^*l confirming the previous re-
sults. It must to be noted that V02max. when ex-
pressed relative to body mass, is usually expressed
in mL/kg/min. Nevertheless, recent studies have
shown that it is much more appropriate to express

according to allometric scaling, i.e. in
' ' l In this context, the classical

expression of aerobic capacity, i.e. in mL/kg/min,
underestimates the aerobic capacity of heavier
subjects. Because no investigation has reported
the V02max of karatekas in mL/kg°-^'/min, it was
impossible for us to report such values. It would
be advised for future studies to present aerobic
capacity in both classically and allometrically
scaled manners.

It is also interesting to note that karate train-
ing in general, and karate kata in particular, have
been claimed to enhance cardiovascular fitness.'*'*''
Additionally, in a recent study by Yoshimura and

Adis © 2012 Springer Internotionai Pubiishing AG. Aii rights reserved. Sports Med 2012; 42 (10)
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Imamura'"^ with sedentary collegiate women, it has
been demonstrated that 10 weeks of 30 minutes of
basic karate exercise could reach the minimal
threshold level to increase cardiovascular fitness
in sedentary women. It should be noted that
all V02max protocol cited above are not karate
specific. Recently, it has been demonstrated by
Chaabène et al.'̂ ^-^ '̂ that the karate-specific
aerobic test (KSAT), which includes the most
frequently applied karate techniques, is reliable
and presents good construct validity. Further stud-
ies confirming the criterion-related validity of the
KSAT protocol are required, since it offers the
major advantage of measuring intermittent per-
formance (which is characteristic of karate) while
taking into account the most frequently utilized
techniques observed in karate competition.

3.2 Anaerobic Profile

According to the rules of the WKF,' ' ' a formal
karate competition should consist of 3 minutes of
fighting for male senior athletes or 2 minutes for
each female senior, female or male junior and
female or male cadet divisions. Beneke et al.'^^'
observed that the 'exercise : rest ratio' was 2 :1 ,
with the exercise period lasting for 18 seconds and
the rest period for 9 seconds; both time lengths
were decided by the referee. The same authors
suggested that these 'activity periods' included
16.3 high-intensity actions per fight, each lasting
1-3 seconds. Another combat analysis performed
by Iide et al.'"*' revealed that the duration of per-
forming the shortest offensive and/or defensive
techniques was 0.3 seconds. Moreover, the dura-
tion of the longest series of offensive and/or de-
fensive combination techniques during a 3-minute
bout of sparring was 1.8 seconds, with the mean
total accumulated time of performing the offen-
sive and defensive techniques during the 3 minutes
of sparring lasting approximately 19.4 seconds.
These findings imply that kumite karate consists
of very short periods of high-intensity inter-
mittent movements that are interspersed with
recovery periods. It has been reported that high-
intensity intermittent sports rely mostly on
anaerobic energy sources, with determinant ac-
tions being a function of explosive movement.'^"'

Thus, karatékas' decisive actions depend mainly
on anaerobic energy pathways.''^'^*' There is no
specific test protocol for assessing the anaerobic
fitness level of karate athletes. The Wingate anaer-
obic power test is a widely used and accepted
protocol for assessing anaerobic power character-
istics. The 30-second cycle ergometer protocol
requires a maximal effort by the subject against a
resistance based on body mass. The results of this
test provide data including peak, mean power
output and percentage of fatigue over the 30 second
period. The Wingate anaerobic test has been used
by one study to assess the anaerobic profile of
karate athletes.'"''' The available results are pre-
sented in table IV. Similar results exist between
high-level male kata and kumite karatékas on
peak power output measured by the Wingate
test.'""' The same result has been found for female
karate athletes, thought Doria et al.'""' who demon-
strated that peak power and mean power were
higher in male compared with female athletes in
both kata and kumite. Ravier et al.''°' found a
significant difference between national (mean ± SD;
10.9±1.5W/kg) and international level (12.5±1.3
W/kg) karate athletes in maximal power determined
by the force-velocity test. This result demonstra-
ted that maximal power output performance can
discriminate karate athletes at different competi-
tive levels. However, because the power assessed
by the force-velocity test is mainly anaerobic, i.e.
50% is alactic anaerobic and 50% is lactic anaer-
obic,'^*' the Wingate test protocol raises other
methodological issues. Indeed, Granier et al.'*^
reported that a significant part of the energy supply
for 30 seconds of effort, once presented as a means
to assess anaerobic capacity, was performed by the
aerobic system. Thus, the Wingate performance
has to be interpreted with caution even if anaerobic
pathways remain predominant with respect to
aerobic metabolism.

Another study by Ravier et al.''^' revealed that
the results obtained from the maximal accumu-
lated oxygen deficit (MAOD) test, a method
proposed to estimate anaerobic capacity,'^*' were
similar between both the national- (mean±SD;
64.5 ±6.4 mL/kg) and international-level groups
(67.76 ±8 mL/kg) of karate athletes. It can be
concluded that the MAOD test was uninfluenced
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Table IV. Anaerobic test performance in karate athletes

Study (test) Sample characteristic (n) PP(W)
[mean±SD]

PP (W/kg)
[mean±SD]

MP(W)
[mean±SD]

837

MP (W/kg)
[mean±SD]

Doria et al.i""'
(Wingate)

Ravier et al.'^°' (force-velocity)

Busko and Witi«^] (force-velocity)

Steven Baker and Davies'"^'
(maximal sprint of 8 sec)

Italian:

Elite male kumite (3)

Elite female kumite (3)

Elite male kata (3)

Elite female kata (3)

French:

Junior international level (10)

Junior national level (12)

Polish national level (9)

British intemational level (11)

NR

NR

NR

1164±137(TBW)
1289±145(FFM)

9.1±1.1

7.8 ±0.6

9.7 ±0.6

7.7 ±0.5

12.5±1.3(P^aJ

10.9±1.5(P„ax)
10.8±0.85

NR

NR

NR

NR

NR

7.9 ±0.6

6.6 ±0.4

7.8 ±0.2

6.5±0.3

NR

NR

NR

FFIVI=fat-free mass (resistive force value from fat-free mass); IVIP = mean power (average power maintained during the test); NR = not
reported; Pmj, = highest power achieved during the force-velocity test; PP = peak power (highest power achieved during the test);
SD = standard deviation; TBW=total body weight; W = Watts.

by the karateka's competitive level.'"' Further-
more, karate's performance seems to be dependent
on anaerobic-based power more so than anaerobic
capacity itself There is no study investigating the
comparison between different weight categories
and age groups. Additionally, the similarity in
power performance between kata and kumite
athletes in both genders is not conclusive, and
further research is needed to support these results.

4. Physical Profile

4.1 Muscle Power

Reaching the highest performance level in ka-
rate is possible by applying high kinetic energy to
one body segment over a short amount of time.
Thus, muscle explosive power plays a major role
in achieving top karate performances.'''^''™' Ac-
cording to the WKF,''i kumite performance de-
pends on the speed and power of the karateka's
actions. Greater muscular power, specifically in
terms of vertical jump performance for interna-
tional junior karatekas, has been reported in the
study of Ravier et al.''"' when compared with
their national-level counterparts (table V). More-
over, Ravier et al.''"' found that international
karatekas had higher maximal power output and
maximal velocity values on a friction-braked cycle
ergometer when compared with their national-

level counterparts. Thus, we suggest that move-
ment velocity could help explain performance
levels for explosive muscular action involved in
karate and that karate displacement depends
more on contraction velocity rather than muscle
strength.''"' Indeed, maximal velocity and ex-
plosive strength represent the main determinant
of the muscle mechanical factors involved in ka-
rate performance.''"'^'l

Another study by Roschel et al.'^'l suggested
that karate performance relies more on muscle
power at low rather than high loads. A compar-
ison between winning versus losing karate players
revealed that there were no significant differences
between them in terms of power performance at
high loads (60% of one-repetition maximum
[lRM]). Alternatively, at low loads (30% lRM),
significant differences in power performance were
established for bench press and squat exercises;
winners had higher values. Contrary to power per-
formance with an associated load, no significant
difference existed between winning and losing
karatekas during the vertical jump test.'^'' Re-
garding the comparison between kata and kumite
karatekas, the study of Doria et al.'"* !̂ revealed
that the explosive strength did not differ between
kata and kumite athletes during either squat jump
(SJ) or countermovement jump (CMJ) power tests
in male or female athletes. This result was con-
firmed in a recent study by Korapanovski et al.'^^'
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Table V. Vertical jump height performance of karate athletes

study

Ravier
et al.' '" '

Roschel
et al.P'i

Doria et al.I*

Sample characteristic (n)

French male:

Junior international level (10'

Junior national level (12)

Brazilian elite level
male (14):

Winners

Defeated

'1 Italian:

Elite male kumite (3)

Elite male kata (3)

Elite female kumite (3)

Elite female kata (3)

Koropanovski Serbian elite level male:
et al . i " ! Kumite (9)

Kata (2)

Height (cm)
[mean±SD]

) CMJ = 44.9 ±5.9
SJ = 42.3 ±4.8

CMJ = 40 ±3.8
SJ = 37±3.6

CMJ = 48.8 ±3.4

CMJ = 50.8 ±2.6

SJ = 40.1 ±3.2
CMJ = 42.8 ±4.2

SJ = 38.9±1.1
CMJ = 42.7 ±4.4

SJ = 37±1.1
CMJ = 39.2 ±2.4

SJ = 36.9 ±1.5
CMJ = 38.3±1

CMJ = 46.1±4.4

CMJ = 48.6±8.1
CMJ = counter movement jump; SD = standard deviation; S J = squat
jump.

conducted using Serbian high-level karatékas.
They found no significant difference in CMJ per-
formance between kumite and kata male practi-
tioners (table V). In contrast, the former authors''^'
found a significantly higher ability to accelerate
the whole body, as assessed by both the 10 m
sprint test and the standing triple jump test, in the
kumite competitors compared with their kata
counterparts. They concluded that the obtained
difference may be explained by the specific re-
quirements of typical kata and kumite competi-
tions (i.e. the ability to rapidly initiate changes
in body position in the horizontal plane deter-
mine the success of both the attacking and de-
fensive kumite skills). Zehr et al.'^'' reported that
experienced karate players had higher values of
peak elbow extension velocity, both without a
load and with 10% of maximal voluntary iso-
metric contraction, when compared with novice
karate players.

A comparison between offensive and defen-
sive karate athletes' behaviours revealed that the

former was characterized by significantly higher
CMJs (+15%) and SJs (-1-18% SJ).''«' The same
authors concluded that CMJs and SJs could be
relevant evidence of karatékas' attack propensity,
which is considered a crucial element in the anal-
ysis of the mechanical muscle characteristics of
karate practitioners. Pozo et al.'^^' studied the ex-
ecution time, kinetics and kinematics of the mae-
geri kick between national and international karate
athletes and found that international karatékas
were faster than their national counterparts for all
phases of the mae-geri kick, whereas there were no
differences in impact force. They concluded that
this similarity in force may be due to the specific
learned strategy of better control of the kicking leg.
In this context, the rules of high-level international
competitions for Shotokan karate state that karate
competitors should control most technical actions
at the impact to avoid hurting their opponents
during sparring. The respect of these rules could
be the reasons for which international karatékas
'brake' the mae-geri kick just before impact.'^--^^'

From all the results presented above, it can be
concluded that decisive actions during kumite
karate (kick or punch) are mainly dependent on
muscular explosive power, and karate match per-
formance is exclusively influenced by higher levels
of upper and lower limb power/speed production.

4.2 Moximal Dynamic Strength

The most traditional way to assess dynamic
strength is to determine how much an individual
can lift for lRM.'^'*' In consideration of dynamic
strength, limited research has been reported for
karate practitioners (table VI). Maximal absolute
bench press and half squat 1 RM differed signif-
icantly between highly competitive and novice
karate athletes, which led the authors to suggest
that the bench press and half squat are indicative
of top-level competitive karatékas.''^' However, a
further study comparing winning and losing
karatékas revealed similar 1 RM performance for
bench press and squat exercises.'^'' These results
were similar to those of Toskovic et al.,'^^' who
compared experienced with novice taekwondo
athletes. Thus, these results suggest that maximal
dynamic strength is not decisive in kumite karate
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performance and other variables, such as contrac-
tion velocity, may play a more important role.'^''
Unfortunately, there are no studies about female
karate athletes that compare dynamic strength
between kata and kumite karatékas or differences
between weight category classes.

When comparing top-level with amateur ka-
ratekas, Sbriccoli et al.'^-'' reported that experi-
enced karatékas had more knee flexion torque
than amateurs during isokinetic tasks. Top-level
karate athletes had higher biceps femoris con-
duction velocity values at all angular velocities.
Conversely, no significant difference was found
between groups with regard to knee extension
torque or vastus lateralis conduction velocity.'^-''
The same authors revealed that during isokinetic
tasks, top-level karatékas had reduced antag-
onistic activation of both the vastus lateralis and
biceps femoris at all angular velocities. Probst
et al.'̂ ^l compared isokinetic knee flexion and ex-
tension between karatékas and a group of sub-
jects that did not practice karate. The authors
found that the karate group showed greater rel-
ative peak torque at 60°/seconds and 180°/seconds
in the left and right hamstrings compared with the
control group.

4.3 Flexibility

Flexibility is one of the basic fitness components
for some sports, including karate.'^^'^^' However,
there is currently very little data on the flexibility
of karate athletes. Flexibility refers to the range
of motion in a given joint or sequence of joints. In
addition to promoting ease and grace of move-

ment, flexibility may help to prevent i
Increasing joint range of motion and flexibility
are extremely important in combat sports, and
particularly for high-level karate performance.
Flexibility is crucial in karatékas to execute high
kicks and perform full-range movements at high
speeds.

In a study comparing the level of joint flexibility
between karate practitioners and control subjects
that assessed knee flexion and extension, hip
flexion and extension, hip medial rotation, hip
lateral rotation, dorsiflexion, plantar flexion and
foot inversion and eversión, Probst et al.'^^' re-
vealed that karatékas had greater flexibility only
in their right and left hip flexion compared with
control subjects. Moreover, karatékas also appeared
to have significantly greater flexibility in their
right and left knee flexion.''^ The greater hip flexor
flexibility of the karate group may be induced by
a training effect related to repeated flexion of the
hip muscles during the early phase of kicking.'*''
Surprisingly, Probst et al.'^*' found that the karate
group was not more flexible than the control
group concerning other measured variables, partic-
ularly for the hamstrings. Violan et al.'*^' studied
the effects of 6 months of karate training on
flexibility in 8- to 13-year-old boys with no pre-
vious martial art experience and compared them
with a group of boys involved in recreational sports.
These authors showed that the boys participating
in karate training had improvements in static
flexibility, particularly in their quadriceps (Ely
test),'^^' when compared with the control group.
Koropanovski et al.'^^' revealed that there was no
difference between kata and kumite athletes'

Table VI. Performance in one-maximum repetition by karate athietes

Study Sample characteristics (n) Exercise 1RM(kg)[mean±SD]

Roschei et al.P'l

Imamura et al.''

Brazilian nationai team male (14)

Japanese male:
Top levei (7)

Novice level (9)

Bench press (winners)
Squat (winners)
Bench press (defeated)
Squat (defeated)

Bench press
Squat

Bench press
Squat

76.3 ±16.8
113.3±15.1
70.3 ±11.5

128.6 ±20.5

87.1 ±12.5
137.5 ±12.5

74.4 ±7.3
120±13.2

SD = Standard deviation.

Adis © 2012 Springer Internationai Pubiishing AG. Aii rights reserved. Sports rvled 2012. 42 (10)



840 Chaabène et al.

fiexibility (side leg splits test). Research compar-
ing successful karatekas with their less successful
counterparts in both males and females is lack-
ing. Additionally, research should be conducted
to illustrate the range of motion necessary for
karate's successful performance. Indeed, reach-
ing extremely high ranges of motion is probably
not necessary for karatekas. Furthermore, the
distinction has to be made with regard to static
and dynamic fiexibility. According to karate
characteristics, it seems that it is much more im-
portant to have good dynamic fiexibility rather
than static fiexibility, though it is easier to assess
the latter.

4.4 Reaction Time

Reaction time, or the speed at which a person
moves in response to a stimulus, is a critical ele-
ment in most sports, including karate, because
high-level performance is essentially based on
explosive techniques. Furthermore, karate is a
good example of a competitive sport with high
levels of temporal and spatial constraints, which
require rapid reactions.'^''1 However, research on
reaction time in martial artists is scarce. The
available literature about both simple reaction
time and choice reaction time for different forms
of martial arts is controversial. While Layton's'^^^
study revealed no significant difference in simple
reaction time between experienced karate practi-
tioners of different competitive levels, Fontani
et al.[* í̂ did find 3rd and 4th dan black belt ka-
ratekas to react faster than 1st and 2nd dan black
belt athletes. Additionally, while Layton'^^l sug-
gested that karate black belt practitioners had a
lower simple reaction time when compared with
novice karate athletes, Williams and Elliot'^'l and
Mori et al.'̂ '̂J showed no significant difference in
simple reaction time between high-level and nov-
ice karatekas. These findings are supported by
the recent study of Neto et al.,'^^' conducted in
kung-fu athletes, who showed that both advanced
and intermediate level athletes had similar simple
reaction times. Lee et al.'^'l reported that the re-
action time to perform ballistic finger extension
movements was significantly shorter in karate
athletes' compared with sedentary subjects.

Regarding the choice reaction time, which could
be considered more important to karate, Mori
et al.Î '*! reported significant differences between
high-level and novice karate athletes, with the
latter being slower than the elite karatekas.

Overall, the studies available that investigate
either simple or choice reaction times reveal no-
table controversy. Further highly accurate studies
on reaction time between successful and less suc-
cessful karate athletes are needed, and assess-
ments more specific to karate performance should
be used.

5. Conclusion and Future Research

Relatively little is known regarding the physi-
ological characteristics of karate athletes, and
very few studies have assessed female karatekas.
Top-level male karate athletes are characterized
by relatively low body fat and mesomorphic-
ectomorphic properties, whereas female karatekas
appears to be characterized by more endomorphic
with some mesomorphic traits. Further study is
needed to precisely establish the ideal somatotype
of high-level female karatekas. Moreover, karate
practitioners were found to have a higher bone
mineral density than age-matched controls. VO2max
seemed to be uninOuenced by a karateka's com-
petitive level; however, VO2max "lay play a major
role in preventing fatigue during training, during
the rest period between subsequent bouts of fight-
ing, within a fight and in improving the recovery
between consecutive combats. Similar results have
been reported in terms of the anaerobic power
and capacity measured through the Wingate test
when comparing international- and national-level
karate players. Similar results were also obtained
with the MAOD test. Top karatéka performance
levels have been demonstrated to be essentially
related to muscle explosive power. Indeed, karate
final match results are mainly infiuenced by higher
levels of upper and lower limb power production.
Furthermore, highly competitive karate athletes
require both rapid acceleration and deceleration
of body segments and muscular explosive power
training. Overall, studies on karate and physical
fitness are still limited. Further research is necessary
to validate and identify the most representative
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tests that focus on athletes' success within karate.
It also seems necessary to elucidate differences
in results from each weight category class and
gender, as well as differences between kumite and
kata competitors. Additionally, investigations using
multivariate methods to assess the contribution
of different factors to karate performance are
also extremely relevant to improve the knowledge
of the inter-relationship among these methods.
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