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Abstract To be successful in international competitions, judo athletes must achieve

an excellent level of physical fitness and physical condition during training.
This article reviews the physiological profiles of elite judo athletes from dif-
ferent sex, age and weight categories. Body fat is generally low for these
athletes, except for the heavyweight competitors. In general, elite judo ath-
letes presented higher upper body anaerobic power and capacity than non-
elite athletes. Lower body dynamic strength seems to provide a distinction
between elite and recreational judo players, but not high-level judo players
competing for a spot on national teams. Even maximal isometric strength
is not a discriminant variable among judo players. However, more studies
focusing on isometric strength endurance are warranted. Although aerobic
power and capacity are considered relevant to judo performance, the avail-
able data do not present differences among judo athletes from different
competitive levels. Typical maximal oxygen uptake values are around
50-55mL/kg/min for male and 40-45mL/kg/min for female judo athletes.
As for other variables, heavyweight competitors presented lower aerobic
power values. The typical differences commonly observed between males
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and females in the general population are also seen in judo athletes when
analysing anaerobic power and capacity, aerobic power, and maximal strength
and power. However, further research is needed concerning the differences
among the seven weight categories in which judo athletes compete.

1. Introduction

Currently, there are seven weight categories
for both male (<60 kg, 66 kg, 73kg, 81kg, 90kg,
100 kg and >100 kg) and female judo competitors
(<48 kg, 52 kg, 57 kg, 63 kg, 70 kg, 78 kg and >78 kg).
Judo competitions are also divided according to
athletes’ age, as follows: cadets (15-16 years of
age), junior (17-19 years of age), senior (>20 years
of age, although younger athletes might compete)
and master (>30 years of age). The main compe-
titions in judo are the Olympic Games and World
Championship for each age category. Each weight
division implies marked differences in technical
and tactical aspects as well as in physiology, per-
formance and body composition among compe-
titors of the different weight classes. Thus, it di-
rectly influences some key aspects of athletes’
preparation, including the management of body-
weight and body composition.

Judo is a dynamic, high-intensity intermittent
sport that requires complex skills and tactical
excellence for success.[! As judo athletes have to
perform a great number of actions during each
match, the physical demand of a single match is
high. Typically, judo medalists perform five to
seven matches during international competitions,
with each match having a 5S-minute time limit. If a
judo athlete obtains an ippon (full point), the
match ends. On the other hand, since 2003, when
the time allotted for the contest finished and the
scores/penalties are equal for both athletes (i.e.
the match draws), the result of the contest is
decided by a ‘Golden Score’. If neither athlete
obtains any score in the Golden Score period the
match continues for another 3 minutes and is
decided by the referees (Hantei decision). Thus, a
judo match may last from a few seconds to
8 minutes, depending on the scores obtained by
the contestants. However, a typical high-level
judo match lasts 3 minutes, with 20- to 30-second

© 2011 Adis Data Information BV. All rights reserved.

periods of activity and 5-10 seconds of interrup-
tion.[>3 Moreover, a significant portion of the
matches last 3—4 minutes. ]

To be effective, judo techniques should be
applied with accuracy, within a good ‘window of
opportunity’, with strength, velocity and power.
This short burst of energy is supplied mainly by
anaerobic metabolism. In contrast, the mainten-
ance of the intermittent work performed during a
match, as well as the recovery process during the
short intervals, are mainly supported by aerobic
metabolism. Additionally, aecrobic metabolism is
especially important for an effective recovery
between matches.

With these facts, it can be established that judo
is a complex sport with demands comprising a
number of specific characteristics to achieve a
high level in competition. It is well known that
understanding the characteristics of elite athletes
can provide insightful information regarding
what is needed for competitive success. There-
fore, the objective of the present narrative review
is to present and discuss the knowledge currently
available on the main physical and physiologi-
cal characteristics of judo competitors. When
available, specific considerations will be directed
to age, sex, weight and competitive level differ-
ences across groups of athletes. For this purpose,
a literature search of PubMed, SportDiscus®
and ISI Web of Knowledge was performed with
the specific keywords ‘judo’, ‘judo and perfor-
mance’, ‘judo and physical fitness’, ‘judo and
body composition’, ‘judo and aerobic fitness’,
‘judo and anaerobic fitness’, ‘judo and strength’
and ‘judo and physiology’. The retrieved studies
were further selected based on their purpose,
methodology, and number and characteristics
of the judo athletes evaluated. Additionally, re-
ferences cited in these articles were considered
whenever limited information in a specific topic
was evident.

Sports Med 2011; 41 (2)
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2. Somatotype and Body Composition

In judo, as occurs in any other combat sport,
where competitors are divided by weight classes,
optimal body composition is a major concern.t!
Thus, judo athletes attempt to maximize the
amount of lean tissue, minimize the amount of
body fat, and minimize total bodyweight. Con-
sidering the broad range of weight classes (48 kg
to >78kg for female judo athletes and 60 to
>100 kg for male judo athletes), it is impossible to
establish a single body type or anthropometric
profile for all judo athletes.l®] Nevertheless, there
is some similarity throughout much of the range
in terms of characteristic somatotypes and a pre-
dominance of mesomorphy (table I).[19]

In terms of somatotype, the judo athlete is
generally thought to have a profile that accentuates
the mesomorphic properties (very high muscular-
ity, low linearity and low fat). Among females, the
endomorphic component has values near to the
mesomorphic one. However, caution should be
exercised when interpreting these results as they
could have been influenced by the inclusion of
heavyweight athletes. Table II presents the body
composition of high-level judo athletes.

World and Olympic level male judo athletes
usually have <10% body fat.[®!432 However,
caution is needed when using this value as a re-

Table I. Somatotype of high-level judo athletes

ference, because most studies predicted body fat
by skinfold thickness measurements and, there-
fore, the specific mean error of estimate of each
equation should be taken into consideration.
Ideally, a prospective judo athlete should employ
sound nutrition and aerobic training principles to
reach a steady-state fat percentage of 7-10%.1¢!
Since they compete at their weight categories, it is
not surprising that they are very strong per kilo-
gram of bodyweight. This means that they must
have a very small percentage of body fat com-
pared with an average male of the same height
and age. Indeed, the range of fat percentage ex-
tends from approximately 4% to 9%, with the
exception of the heavyweights (>78 kg for females
and >100 kg for males). Only one study presented
a significant difference in body fat among best-
ranked judo athletes and lower ranked athletes.!']

3. Maximal Strength

Maximal strength can be defined as the maximal
torque that a muscle or a muscle group can generate
at a specified or determined velocity.[33! Tt depends
upon the ability of the nervous system to recruit
motor units, the ability of the muscle to utilize the
energy anaerobically (mainly adenosine triphos-
phate and phosphocreatine) for muscle contrac-
tions, the amount of motor units simultancously

Athlete characteristics Endomorphy Mesomorphy Ectomorphy Reference
(mean+SD) (mean+SD) (mean+SD)

Male

Hungarian team (n=18) 3.6+1.9 7.0+1.5 1.6+0.9 Farmosil”!

Japanese (n=13) 3.4+2.0 8.5+1.4 1.0+0.6 Kawamura et al.[8]

French (n=10) 1.2+0.5 7.6+0.9 1.5+0.7 Kawamura et al.l®!

Brazilian team 1999 (n=7) 2.7+1.3 7.9+1.6 1.1+0.6 Silva et al.l®]

WCP under 71kg (n=18) 2.3+0.4 5.6+0.5 1.9+0.4 Claessens et al.[%]

WCP 71-86kg (n=9) 3.0+05 6.0+0.7 1.7+0.7 Claessens et al.[0]

WCP >86kg (n=11) 4.1+0.9 6.2+0.6 1.3+0.4 Claessens et al.[10]

Brazilian university team 1996 (n=6) 27+1.8 6.2+1.5 1.6+1.2 Franchini et al.l'"]

Female

Brazilian university team 1996 (n=7) 41+1.3 5.0+1.1 1.7+1.2 Franchini et al.l'"]

Brazilian team 1999 (n=7) 4.3+1.3 5.1+0.9 1.1+£1.0 Franchini et al.['?]

Brazilian elite (n=28) 3.6+1.9 51+1.7 1.5+0.9 Mello and Fernandes

Filhol'3!

WCP =World Championship players.
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Table Il. Percentage body fat in judo athletes

Athlete characteristics Body mass (kg) Body fat (%) Prediction equation Reference
[mean+SD] [mean +SD] reference
Male
Hungarian team (n=7) 60-70? 8.9+0.8 Enilinal'4 Farmosil”!
Hungarian team (n=11) >70° 14.0+7.3 Enilinal'4 Farmosil”!
Canadian team 1987 (n=22) 75.4+12.3 9.3+2.1 Lohmanls] Thomas et al.l'®]
US (elite; n=8) 91.5+2.7 10.8+1.9 Jackson and Pollock!'”] Callister et al.[8
US (elite; n=18) 83.1+3.8 8.3+1.0 Jackson and Pollock!!”] Callister et al.['9]
Canadians (n=17) 79.3+14.6 10.5+1.0 Drinkwater and Ross(?°! Littlel211
Brazilian university team (n=6) 86.9+34.4 11.1+5.1 Drinkwater and Ross!?°! Franchini et al.['"]
Polish (n=15) 82.9+16.4 13.7+3.4 Slaughter et al.l?2 Sterkowicz et al.l2%
Brazilian university team 2000 (n=13) 89.0+16.0 13.7+5.2 Drinkwater and Ross!?°! Franchini et al.[24!
Brazilian Olympic team 2000 (n=7) NR 7.0£3.0 Lohman et al.[2%] Koury et al.l28!
Croatians (elite; n=6) NR 12.0+1.2 NR Sertic et al.[?]
Brazilian team A (n=7) 90.6+23.8 11.4+8.4 Jackson and Pollock['7] Franchini et al.l®]
Brazilian team B (n=15) 86.5+16.3 10.1+5.7 Jackson and Pollock['7] Franchini et al.[®!
Female
Polish team (n=22) 59.1+7.9 20.9+2.0 Piechaczekl?®! Obuchowicz-Fidelus et al.[2%
Canadians (n=8) 62.3+5.2 15.2+2.1 Drinkwater and Ross!?%] Little(2
US (elite; n=7) 56.3+0.9 15.8+1.2 Jackson et al.l?% Callister et al.[8
US (elite; n=9) 53.8+1.6 15.2+1.0 Jackson et al.[3%] Callister et al.['9]
Brazilian university team (n=7) 66.9+16.3 16.1+3.0 Drinkwater and Ross(?°! Franchini et al.l'"]
Brazilian Olympic team 2000 (n=9) 66.0+8.0 22.0+5.0 Jackson et al.[30] Koury et al.3"
Croatians (n=8) NR 16.6+4.3 NR Sertic et al.l?”]

a Athletes body mass ranged from 60 kg to 70 kg.

b Athletes body mass was >70Kkg.
NR = not reported.

active and the size of cross-sectional area of muscle
fibres present. Because of the relationship to cross-
sectional area and size, strength is often analysed
relatively to bodyweight; the so-called relative
strength is especially informative in bodyweight
classified sports such as judo.**! As muscle con-
tractions might occur in different manners, they
will be discussed separately in the next sections.

3.1 Isometric Strength

An isometric action results in no change in
muscle length and although force is developed, as
no movement occurs, no work is performed.[33
As judo athletes have to grip the opponent’s
uniform (judogi), early studies have focused on
isometric grip strength. Table III presents the
grip strength of different groups of judo athletes.

© 2011 Adis Data Information BV. All rights reserved.

Isometric grip strength has not been in-
vestigated in detail for different weight cate-
gories, while only two studies!”-3% have addressed
this topic. In one study,?® greater left isometric
grip strength was observed in the middle weight
category compared with the light weight cate-
gory. However, there is no mention concerning
the number of left-handed athletes in each group,
which prevents any conclusion on whether the
difference is caused by the weight category or by
the number of left-handed athletes in the first
group. The other study did not identify any dif-
ference among weight categories.[’l A third study
presented in table II1 did not perform any statis-
tical comparison among the different weight
groups, but it seems that the isometric strength
increases according to the weight category.’> When
correlation analysis is conducted, one study!'®!

Sports Med 2011; 41 (2)
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identified a positive relationship (r=0.76) be-
tween body mass and isometric grip strength.
Sex differences were reported in only one
study.['l The male group presented higher abso-
lute right and left isometric grip strength com-
pared with the female group. However, when

Table lll. Isometric handgrip strength (IHGS) of judo athletes

values were presented relative to body mass, no
difference was observed. In Canadian judo play-
ers,?!l no statistical comparison between male and
female athletes was reported, but it is possible to
infer that both absolute and relative isometric
grip strength were higher for the male group.

Study Athlete characteristics; sex

Right IHGS (kgf) Left IHGS (kgf)

[mean+SDJ? [mean + SDJ*

Matsumoto et al.[35] Japanese university athletes (~66 kg); M (n=12):

1967 43.8 43.8

1968 49.3 49.3

Candidates to the 1967 World Championship 44.9 45.1

World Championship university athletes (~73kg; n=18):

1967 50.8 47.7

1968 53.3 52.2

Candidates to the 1967 World Championship 56.8 52.0

University athletes (~83kg; n=8):

1967 55.3 49.5

1968 59.6 55.6

Candidates to the 1967 World Championship 54.2 51.5
Claessens et al.[38] High-level Belgian judo athletes:

All (n=24) 64.9+8.9 59.7+8.8

<71kg (n=13) 56.8+7.7 54.4+75

71-86kg (N=9) 59.7+6.1 59.3+7.6
Farmosil”l Hungarian team; M:

All (n=18) 59.9+11.2 55.7+10.7

<71kg (n=7) 54.3+5.4 50.9+5.4

>71kg (n=11) 63.9+12.8 59.0+12.4
Franchini et al.[37] Brazilian judo athletes; M:

Elite (n=26) 51.0+£10.0 49.0£10.0

Non-elite (n=66) 42.0+11.0 40.0+10.0
Franchini et al.[24] Brazilian university team (2000); M:

All (n=13) 54.3+8.3 53.2+7.4
Franchini et al.l'"] Brazilian university team (1996):

M (n=6) 49.5+12.8 47.2+12.4

F(n=7) 32.3+7.6 32.2+7.8
Thomas et al.[18] Canadian team (1987); M:

All (n=22) 56.4+6.6 55.7+6.6
Littlef2 Canadian athletes:

Junior F (n=9) 32.1+3.5 29.3+5.3

Senior F (n=8) 31.8+5.8 30.6+5.4

Cadet M (n=17) 39.8+12.7 39.4+10.0

Junior M (n=9) 52.0+8.3 50.6+8.5

Senior M (n=17) 57.7£9.0 54.0£10.4

a Data for Matsumoto et al.l®%] presented as mean values.
F =female; kgf=kilogram force; M=male.

© 2011 Adis Data Information BV. All rights reserved.
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Thus, it can be hypothesized that high-level male
and female judo athletes differ less in isometric
grip strength when compared with lower level
male and female judo athletes, probably because
high-intensity training can decrease the difference
in relative strength.

Differences in isometric grip strength were
reported between cadet judo athletes and both
junior and senior judo athletes.?!l However,
when an index of isometric strength (includ-
ing grip, back and arm) was expressed relative
to body mass, only cadet and senior athletes
differed.?!]

It is also interesting to note that the isometric
grip strength of high-level judo athletes has not
exhibited an increase over the last 40 years, be-
cause the values measured in Japanese athletes
during the 1960s%! are quite similar to those re-
ported later in more recent studies.

Furthermore, an important aspect for consi-
deration is the fact that no difference was observed
between elite and non-elite judo players,?” and
most of the groups on table III would be classi-
fied only as ‘good’ compared with the US popu-
lation.[3® Thus, it is likely that measurement of
isometric strength endurance may be more rel-
evant to judo athletes’ evaluation than the mea-
surement of maximal strength, since the athletes
have a near continuous grip during a judo match
and the maximal strength is not maintained for a
long period. However, no studies were found
concerning isometric grip strength endurance in
judo athletes.

3.2 Dynamic Strength

The one-repetition maximum (1RM) test has
been used for both evaluating and prescribing
strength training.®®! However, IRM data from
judo athletes are limited in the literature. Table IV
presents the 1RM results found in judo athletes
from different levels and for different exercises.

In one study,?* maximal absolute and relative
squat strength differed between recreational and
international level judo athletes, while no differ-
ences were found among groups for the bench
press exercise. However, when athletes of similar
competitive level were compared (main team vs

© 2011 Adis Data Information BV. All rights reserved.

reserves in a national squad) no differences were
reported for bench press, row and squat 1RM
values.l! It is important to highlight that the
bench press values presented in table IV are in the
60-80th percentile of the US population,8]
which suggests that these judo athletes do not
present an excellent maximal strength profile.
Studies on female judo athletes’ maximal strength
are scarcer, but one study!3? has reported values
lower than their male counterparts and compar-
able to those verified in non-athletes.3®!

Some studies®*!I presented values of strength
on specific judo machines, which can provide a
more realistic perspective and a more specific and
performance-related evaluation.

Tests conducted on isokinetic equipment, al-
though not specific to judo movements, seem to
be important to establish relations of torque or
strength among muscles with antagonist actions
as well as different speeds of movement. Table V
presents the results of strength tests conducted on
isokinetic equipment in judo athletes.

When judo athletes from different age classes
are compared,3! both knee and shoulder flexion
and extension strength (measured in two velo-
cities, 60°/s and 240°/s) were higher in seniors
compared with juniors. Only one study presented
a statistical comparison between male and female
judo athletes.' The results showed a similar
trend to that observed in non-athletes, i.e. the male
athletes presented a higher absolute strength. This
difference decreased when the value was relative to
the fat-free mass.['” In a study conducted with the
1996 Japanese Olympic Team,*! women’s elbow
extension was lower than that measured in men
using both 60°/s (92% of men values) and 180°/s
(88% of men values). However, when values were
expressed relative to the cross-sectional area, a
different result was obtained, with higher dynamic
strength in females.

Both men and women were stronger in their
knee extensor than in their knee flexor muscles.
Women were also stronger in their elbow extensor
than in their elbow flexor muscles (flexor values
represented 77% from that measured in the ex-
tensor muscles). However, men attained almost
the same value for both elbow muscle groups (ex-
tensor and flexor).[' Other studies with male judo

Sports Med 2011; 41 (2)
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Table IV. One-repetition maximum (1RM) data in different exercises performed by judo athletes

Study Sample characteristics; sex

Thomas et al.l'®]

Fagerlund and Hékkinenl34] Finnish athletes; M:

International (n=7)

National (n=7)

Recreational (n=7)

Franchini et al.[®] Brazilian team (2002); M:

Main team (n=7)

Reserves (n=13)

Sbriccoli et al.[32] Italian Olympic team (2004):

M (n=6)

F (n=5)

Canadian team (1989); M (n=

Exercise 1RM (kg) [mean+SD]
22) Bench press 100+21
Bench press 96+20
Squat 185+25
Bench press 96+12
Squat 166+ 32
Bench press 87+20
Squat 140+£36
Bench press 110£25
Row 116+21
Squat 10427
Bench press 110+£23
Row 115124
Squat 104+18
Bench press 160+30
Lat machine 142+15
Leg press 397+8
Deadlift 127+ 11
Leg curl 774
Bench press 74+13
Lat machine 84+ 11
Leg press 305+19
Deadlift 9416
Leg curl 40+4

F=female; M=male.

athletes reported similar values of extensor-flexor
ratio for shoulder (71-77%)1*3 and knee (74%).14?!

Trunk flexion corresponded to 71-81% of the
extension value.*3! Despite the fact that right-
handed judo athletes (i.e. the right hand grabs the
lapel on judogi) perform a left trunk rotation in
many techniques, no difference was observed in
the dynamic strength between sides, suggesting
that rotation dominance seems to be determined
more by coordination than by strength.[*]

A comparison among weight categories using
isokinetic equipment was not found in the litera-
ture. The available information on this aspect
indicates that in absolute values heavier athletes
are stronger than lighter athletes. The half-
heavyweight category (<95 kg when the study was
conducted) were considered the weakest among

© 2011 Adis Data Information BV. All rights reserved.

the seven weight classes;!'! however, there is no
clear explanation for this finding.

When judo athletes of different competitive
levels are compared, the only evidence found was
that higher ranked female US judo athletes tend
to present a higher elbow flexor and extensor
muscles isokinetic strength compared with lower
ranked athletes.['”]

Tumilty et al.[*3! have compared isokinetic
shoulder flexion and extension between judo
athletes and other athletic groups. The authors
have found that the Australian junior judo athletes
were weaker, and the senior group were stronger.
The results presented by Kort and Hendriks*!
for trunk flexion, extension and rotation dem-
onstrated higher values for judo athletes com-
pared with cyclists.

Sports Med 2011; 41 (2)
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Table V. Torque (Nm or Nm/kg) or strength (N or N/cm?) during isokinetic maximal tests performed by judo players

Study

Sample characteristics; sex

Exercise

Result (mean+ SD)

Taylor and Brassard!(4?]

Tumilty et al.[43!

Ichinose et al.#4!

Kort and Hendriks!*®!

1979 Canadian team; M (n=19)

Australian junior; M (n=9)

Senior; M (n=8)

Japanese Olympic team (1996):
M (n=5)

F (n=6)

M (n=5)

F (n=6)

Dutch national and international levels; M (n=28)

Knee extension:
right

left

Knee flexion:
right

left

Shoulder:

60°/s extension
60°/s flexion
240°/s extension
240°/s flexion
Knee:

60°/s extension
60°/s flexion
240°/s extension
240°/s flexion
Shoulder:

60°/s extension
60°/s flexion
240°/s extension
240°/s flexion
Knee:

60°/s extension
60°/s flexion
240°/s extension
240°/s flexion

Elbow extension:

60°/s
180°/s
60°/s
180°/s
60°/s
180°/s
60°/s
180°/s
Trunk flexion:
30°/s
60°/s
90°/s
120°/s

Trunk Extension:

30°/s
60°/s
90°/s
120°/s

148.0+£41.0Nm
146.0+£28.0 Nm

105.0+£17.0Nm
108.0+£23.0Nm

1.1£0.2Nm/kg
0.8+0.1 Nm/kg
0.7+£0.2Nm/kg
0.6+0.1 Nm/kg

2.6+0.4 Nm/kg
1.6+0.3Nm/kg
1.4+£0.2Nm/kg
1.1+£0.2Nm/kg

1.4£0.2Nm/kg
1.1+£0.1 Nm/kg
1.0+£0.1 Nm/kg
0.8+0.1 Nm/kg

3.1+0.4 Nm/kg
2.0+£0.4Nm/kg
1.7£0.2Nm/kg
1.4+0.2Nm/kg

215.9+11.8N
188.8+£16.9N
198.2+14.9N
165.7+4.6 N
14.5+1.0N/cm?
12.7+1.1 N/em?
16.7+0.9 N/cm?
14.3+1.2N/cm?

3.3£0.3Nm/kg
3.3+£0.2Nm/kg
3.3£0.2Nm/kg
3.3+0.3Nm/kg

4.7+0.8 Nm/kg
4.6+0.6 Nm/kg
4.6+0.5Nm/kg
4.1+£0.5Nm/kg

Continued next page
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Table V. Contd

Study Sample characteristics; sex

Exercise Result (mean+SD)

Trunk rotation:

30°/s 2.8+0.4Nem/kg
60°/s 2.8+0.5Nem/kg
90°/s 2.8+0.5Nem/kg
120°/s 2.8+0.5Nem/kg

F=female; M=male.

4. Muscle Power

Muscle power has been characterized in judo
athletes through the use of free weight ex-
ercisesl®¥ or vertical jump tests.[16:36-43:46]

A study conducted with Finnish judo ath-
letesl®* demonstrated that international level
athletes presented higher values in the strength-
velocity curve for the squat jump compared with
a group of recreational practitioners: the time to
achieve half of the maximal strength was shorter
for the international level group. Given that the

muscle groups mainly activated during a judo
throwing technique are those of the lower body,
and considering that these techniques have to be
performed at high speed and against a great re-
sistance from the opponent, this difference can be
a consequence of this adaptation. However, when
the bench press exercise was used to determine
the strength-velocity curve, no difference was
found in international, national or recreational
level groups. This may be due to the multiple
actions (power, endurance and strength) per-
formed by the upper body during a typical judo

Table VI. Vertical jump height in judo athletes of different age, weight categories and competitive levels

Study

Athlete characteristics; sex

Height (cm) [mean+ SDJ?

Ishiko and Tomikil®!
20-29y (n=5)
30-39y (n=6)
40-49y (n=7)
50-59y (n=10)
60-69y (n=5)
70-79y (n=2)
Belgian athletes; M:
Total (n=24)
<71kg (n=13)
71-86kg (n=9)
Hungarian team; M:
Total (n=18)
<71kg (n=7)
>71kg (n=11)

Claessens et al.[®%]

Farmosil”]

Tumilty et al.[#3!
Junior (n=9)
Senior (n=8)
Croatian athletes:
M (n=6)

F (n=8)

Sertic et al.[?7]

Australian athletes; M:

Judo practitioners from Kodokan; M:

51.6
45.7
46.3
371
29.8
20.0

52.5+6.7
53.3+6.4
50.2+7.4

53.3+5.6
50.6+5.5
55.2+5.0

44.0+7.0
52.0+8.0

58.3+5.4
40.8+4.3

a Data for Ishiko and Tomikil*®l presented as mean values.
F=female; M=male.
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match. Table VI presents the vertical jump test
results in judo athletes.

One of the first studies of power characteristics
of judo athletes used the vertical jump testi*‘l to
compare different age groups. It demonstrated
a significant decrease after the athletes reached
50 years of age. Another study*3 compared junior
and senior judo players and found a higher per-
formance in the vertical jump test in seniors com-
pared with juniors. Only one study presenting
results from male and female athletes was found,?”)
but no comparison between groups was made.

A comparison among weight categories was
conducted in 729 college judo athletes.[*”] When
all the weight categories were considered, a small
variation was observed from the under 60 kg to the
under 95kg weight categories, being lower than
values found in the over 95 kg category. As no cor-
rection by weight was presented, only the absolute
power of these athletes can be fully compared.

The relevancy of this measurement (vertical
jump height) can be inferred from one study that
presented a positive correlation between the per-
centage of winnings during the European World
Cup competitions and the vertical jump perfor-
mance in male judo athletes (r=0.69). This can be
an indicator that lower body power is important
for judo performance, probably because a pow-
erful action is needed during many throwing
techniques.[3]

5. Muscular Endurance

Muscular endurance is the ability of a muscle
or group of muscles to sustain repeated contrac-

tions against a resistance for an extended period
of time.[*3 In judo, most of the studies on muscu-
lar endurance have evaluated this capacity using
sit-ups and push-ups.['®#249 The results from
these studies are presented in table VII.

Based on the results depicted above, it is pos-
sible to conclude that judo athletes are, in general,
above the 90th percentile for push-ups, and be-
tween the 80th and 90th percentile for sit-ups in
classificatory tables.l*¥! This can be interpreted as
a high need for muscular endurance in these
muscle groups for a successful judo performance.

6. Anaerobic Profile

High-intensity, intermittent sports rely mostly
on anaerobic sources, as the decisive actions
depend on powerful movements.l*” During a judo
match, the anaerobic contribution seems to be
very important, although other sources also con-
tribute significantly to the total work performed.[!l

The anaerobic evaluation is quite complex be-
cause no gold standard test is available.’'! How-
ever, as is seen in other sports, the Wingate test has
been used to evaluate the anaerobic profile of judo
athletes.[1%32] The typical Wingate test evaluates
variables (peak power, mean power and fatigue
index)P?! that have been reported for upper and
lower body actions in judo athletes.[?!:23:2%:37]

In athletes from sports in which upper body
actions are important, such as wrestling and judo,
the upper body Wingate test has been used more
often than the lower body test.’?>4 Table VIII
presents the main results of studies evaluating
judo players’ anaerobic performance.

Table VII. Muscular endurance in different exercises performed by judo athletes

Study Athlete characteristics; sex Exercise Result (repetitions) [mean+ SD]
Taylor and Brassard(#?! Canadian team (1979); M (n=19) Push-ups 72+16
Sit-ups 48+10
Thomas et al.[18] Canadian team (1989); M (n=22) Bench press at 70% 1RM 1613
Sertic et al.[?”] Croatian athletes:
M (n=6) Sit-ups 58+6
F (n=8) 55+4
Krstulovic et al.®] Croatian junior athletes; M (n=40) Push-ups 56+8
Sit-ups 42+12

1RM =one-repetition maximum; F=female; M=male.
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Table VIII. Upper body Wingate test performance in judo players
Study Athlete characteristics; AMP (W) RMP (W/kg) APP (W) RPP (W/kg)
sex [mean+SD] [mean+SD] [mean+ SD] [mean +SD]
Littlef2 Canadians (various competitive levels); M:
Cadet (n=17) 282+70 4.9+1.0 407 +£172 7.1+1.6
Junior (n=9) 395+62 5.7+0.6 573+117 8.4+1.1
Senior (n=17) 447 +87 5.6+0.5 675+133 8.5+0.7
Canadians (various competitive levels); F:
Junior (n=9) 219148 3.8+0.6 322+88 55+1.1
Senior (n=8) 253+ 41 4.0+0.6 36659 5.9+0.9
Franchini et al.l'?! Brazilian team (1999 Panamerican Games); F (n=5)
70 days before NR 4.3+0.2 NR 5.8+0.3
30 days before NR 4.5+0.6 NR 5.8+0.8
Franchini et al.137] Brazilians; M:
Elite (n=34) 468+63 5.7+0.8 623180 7.6+1.0
Non-elite (n=56) 394+£53 54+0.8 493+92 7.0+1.3
Franchini et al.24] Brazilian university 555+63 6.2+0.7 724+67 8.1+0.8
team; M (n=13)
Mickiewitz et al.!55! Polish juniors (n=85) 671+89 8.8+0.8 NR NR
Sharp and Koutedakis!®®! British team; M (n=6) 7361221 8.5+0.5 9161301 10.6+0.8
Thomas et al.[8! Canadian team; 653+87 8.7+1.2 852+ 131 11.3+0.8
M (n=22)
Obuchowicz-Fidelus et al.?% Polish team; F (n=20) 253136 4.3+0.5 331150 5.7+0.6

AMP =absolute mean power; APP = absolute peak power; F =female; M=male; NR =not reported; RMP =relative mean power; RPP =relative

peak power.

The values presented by the judo athletes from a
range of different national teams were quite high
and their performance during the upper body
Wingate test was above the 90th percentile for lower
body values measured in non-athletes.>”1 This result
has been interpreted as a consequence of the high
upper body demand during judo-specific activities
performed in the training sessions.!®

A comparison among age groups using the upper
body Wingate testl?!l has shown that cadet judo
athletes have lower absolute peak and mean power
when compared with both junior and senior ath-
letes, and lower relative peak power compared with
senior judo athletes. These differences are probably
related to maturational aspects and have also been
reported in wrestlers® and in non-athletes.>*-¢2

When athletes from different competitive
levels are compared for performance in the upper
body Wingate test, higher values of peak and
mean power were measured in elite (national or
international medalists) than in non-elite athletes
(non-medalists).?”! Further evidence suppor-

© 2011 Adis Data Information BV. All rights reserved.

ting the relevance of upper body anaerobic per-
formance for judo was found in a correlational
study, 8] which reported moderate and significant
correlations between the percentage of wins
during European World Cup competitions and
upper body Wingate test peak power (r=0.66)
and mean power (r=0.68) in female judo players.
In high-level male judo athletes there was a
moderate, yet significant, correlation (r=0.76)
between relative total work performed in two
consecutive upper body Wingate tests (separated
by 3-minute intervals) and the number of attacks
performed during a match simulation.[3]
Although the comparison of upper body
anaerobic performance of judo athletes in differ-
ent weight categories has not been carried out
with a large number of athletes, it is possible to
conclude that the athletes from heavyweight ca-
tegories have higher absolute values of both peak
and mean power than the lighter athletes. In con-
trast, when body mass values are considered (i.e.
relative mean and peak power are the variables),
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lighter athletes present higher power than the
heavyweight athletes. This fact is probably due to
the higher percentage body fat of heavier athletes
compared with lighter athletes combined with the
fact that a higher percentage fat has been associated
with lower relative total work during two Wingate
tests (r=—0.87) in high-level judo athletes.

When sexes are compared, females present
values of approximately 70% of those observed in
males, which is similar to what has been observed
in the general population.’?! However, it is im-
portant to note that high-level female judo ath-
letes showed values similar to that presented by
males from lower competitive levels or from
younger age groups, indicating that the strategy
of mixed training sessions by sex is possible when
anaerobic fitness is the variable considered. In
fact, it is common in actual training environ-
ments for high-level female judo athletes to per-
form ‘randori’ (free sparring) with male athletes
of lower age or less skill.

Performance of judo athletes in lower body
Wingate tests has also been investigated. Table IX
presents the main published results.

When different competitive level groups are
compared for performance, the pattern largely
differs from that observed in the upper body
Wingate test (i.e. the lower body Wingate test is
not an adequate performance predictor com-
pared with the upper body test). This probably
occurs due to the low demand imposed on the
lower body in judo. However, it is possible to
verify differences between weight categories and
to confirm the inferences raised in the upper body
test concerning the lower relative results pres-
ented by heavyweight categories compared with
lighter categories in both males and females.[%]

Additionally, it is possible to verify that women’s
values are about 80% of the male values, which
are slightly higher than the percentage observed in
the upper body test and somewhat similar to that
observed in non-athletic groups.”]

In healthy male non-athletes, the ability to
perform anaerobic work with their arms was
about 51% of the capacity to perform anaerobic
work with the lower limbs, while data of Canadian
Judo Team athletes!'® show a ratio of 81%. When
analysing a group of judo players at the region-
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al level® the ratio was closer to the healthy
subjects than the elite wrestling or judo athletes.
The highest upper/lower body ratio may be due
to differences in distribution of muscle fibre type
in the upper and lower body (a higher percentage
of fast twitch fibres in the upper body) and/or due
to a greater emphasis on training directed to the
upper body rather than the lower body.[00:¢7]

Other studies have assessed judo athletes in a
variety of anaerobic tests. Some have used cycle
ergometer tests,38! jumpsl®®7% or tests invol-
ving a running time trial.[4>4°]

Based on these studies it can be concluded that
judo athletes of both sexes show great power and
anaerobic capacity when exercise involves the
upper body, and this aspect is a potential dis-
criminating factor in performance. Moreover,
power and anaerobic capacity values from the
lower body are not prominently higher than that
observed in other athletic groups® or even in
active individuals.[’8-°2-571 Additionally, these va-
riables do not appear to be predictors of perfor-
mance and success in judo.

7. Aerobic Profile

Although decisive actions in judo are mainly
dependent on anaerobic metabolism, acrobic fit-
ness seems to be important in high-intensity in-
termittent exercise,[”' which is the case with judo,
as it permits better recovery during the short rest
periods between efforts.

The aerobic fitness of judo players has been
assessed essentially via maximal oxygen uptake
(VOomay) Or peak oxygen uptake (VOypeq) for
the aerobic power component and via the so-
called anaerobic threshold for the aerobic capacity
component. Both aerobic power and capacity
have been considered relevant to judo perfor-
mance because it has been hypothesized that a
higher value for these variables should allow judo
athletes to maintain a higher intensity during the
match, delay the accumulation of metabolites
associated with fatigue processes (e.g. H" and Pi)
and improve the recovery process between two
consecutive matches.[63-72]

In fact, there is some evidence that judo ath-
letes who normally obtain their scores in the final
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Table IX. Lower body Wingate test performance in judo athletes from different levels and nationalities
Study Sample characteristics; sex AMP (W) RMP (W/kg) APP (W) RPP (W/kg)
[mean +SD] [mean+SD] [mean+SD] [mean+SD]
Gariod et al.l63! French athletes (inter-regional
and national); M:
Endurance (n=10) 860+74 12.0+1.0 1051+65 14.6+0.9
Explosive (n=6) 861167 12.0£0.9 116679 16.2+1.1
Wojczuk et al.[64] Polish junior class (different 66691 8.7£1.0 870+100 11.3£1.0
levels); M (n=19)
Mickiewitz et al.!5%! Polish (different levels); M:
Junior (n=109) 871+115 11.4+1.2 NR NR
Senior (n=257) 917+149 11.5+1.2 NR NR
F senior (n=16) 571166 9.6+0.9 NR NR
Sterkowicz et al.[?%] Polish (high-level); M (n=15) 7131120 8.6+0.7 942+194 11.4+0.9
Sbriccoli et al.[32 Italian Olympic team (2004):
M (n=6) 558+ 86 54+1.1 1236+£202 12.1+24
F (n=5) 286+ 11 4.3+0.5 635121 9.5+1.1
Thomas et al.['8] Canadian M team (n=22) 804+138 10.7+£0.7 1032+ 161 13.7£141
Borkowski et al.[65] Polish team 1994-72; M:
<60 to >95 kg NR 8.8+0.8 NR 12.1+1.2
<60-95kg NR 9.0£0.8 NR 12.4£0.8
+95 kg NR 7.1£0.9 NR 9.6+1.0
Polish team 1998-9°; M:
<60 to <100 kg NR 9.1+0.6 NR 12.5+0.9
Polish team 1994-9° M:
Principal NR 9.0+0.5 NR 12.3+0.9
Reserves NR 9.0+0.6 NR 12.1+£0.9
Borkowski et al.[69] Polish team 1994-7% F:
<48 to >72kg NR 7.8+0.7 NR 10.5+1.0
<48 to <72kg NR 8.0+0.6 NR 10.7+0.8
>72kg NR 6.7+£0.8 NR 8.9+1.1
Polish team 1998-9°; F:
<48 to <78kg NR 7.8+0.5 NR 10.6+0.6
Polish team 1994-9'; F:
Principal NR 7.7+1.0 NR 10.3+1.3
Reserves NR 7.7+0.8 NR 10.2+£1.0
a Fifty-eight subjects, no specifications about the number in each category.
b Seventeen subjects, no specifications about the number in each category.
c Seventy-five subjects, no specifications about the number of principal and reserve athletes.
d Forty-nine athletes, no specifications about the number in each category.
e Eighteen athletes, no specifications about the number in each category.
f Sixty-seven athletes, no specifications about the number of principal and reserve athletes.

AMP =absolute mean power; APP = absolute peak power; F =female; M=male; NR = not reported; RMP =relative mean power; RPP =relative

peak power.

moments of a match present higher VO,,,. values
and were able to resynthesize gastrocnemius
creatine phosphate faster compared with others
who score earlier in the match and had better per-
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formance in lower body Wingate tests.[?! Fur-
thermore, a faster recovery after high-intensity
intermittent exercise has also been associated with
aerobic fitness.[”>74 Athletes with higher aerobic
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power are probably able to perform supramaximal
activities at a relatively lower intensity compared
with those with lower aerobic power. This would
be even more important considering the matches
that last several minutes and probably explains
the importance of aerobic power for judo per-
formance.!”>! Table X presents the aerobic power
of male and female judo players.

Although the studies reported on table X have
used different protocols and exercise modes, it
seems that most of the male judo players have
VOymax Values between 50 and 60 mL/kg/min,
while most of the females have values between 40
and 50 mL/kg/min. This difference between sexes
is quite similar to that reported in non-athletic
groups.[®

Regarding the influence of aerobic power on
judo performance, it is important to consider that
the studies comparing elite versus non-elite male
judo athletes,?” principals versus reserves in na-
tional teams/®® or athletes involved in direct
competition,®! did not observe any significant
difference between these groups. Thus, although
aerobic power can be relevant to judo performance,
its development is not enough to discriminate the
competitive level of judo athletes. When consider-
ing female judo athletes, the only study found
comparing members and reserves of the Brazilian
Olympic judo team, also did not find any difference
in aerobic power between the groups. 3

However, it is important to point out that most
of these studies were cross sectional and analysed
lower body modes of exercise (e.g. treadmill or
cycle ergometer) to determine VO,,,.«. In fact,
one study reported a decrease in lower body
aerobic power in judo athletes prior to their main
competition, but conversely presented an in-
crease on upper body aerobic power at the same
period.[*8] Thus, if the high demand on the upper
body during a typical judo match was taken into
the analysis it is possible to suggest that the upper
body aerobic power should be of greater focus
and study than lower body aerobic power.

When weight categories are compared, it is
possible to note a decrease in relative aero-
bic power (mL/kg/min) parallel to an increase
in the body mass.['32] It is common to find
values <50 mL/kg/min in heavyweight male and
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<45 mL/kg/min in heavyweight female judo ath-
letes. However, only one study statistically com-
pared VO,,., among weight categories. Male
heavyweights presented lower values compared
with athletes from all other weight classes, yet,
VO,,,..x among female athletes was similar re-
gardless of weight class.[03]

Aerobic capacity in judo players has been
evaluated through the so-called anaerobic thresh-
old velocity (ATV). Table XI presents the ATV of
judo athletes.

As shown in table XI, judo athletes of different
levels have similar ATV, which is not as high as in
aerobically trained athletes. Additionally, ATV
did not change in the final phase of competitive
preparation in highly trained female judo play-
ers.l'?l Thus, based on these observations, in the
evaluation process of judo athletes, other aspects
should be focused on. On the other hand, Franchini
et al.[®¥ reported a negative, significant correla-
tion between the ATV and blood lactate after a
judo match simulation (r=-0.69 to —0.87, de-
pending on the moment blood lactate was mea-
sured) and a positive, significant correlation
between ATV and mean power in an upper body
Wingate test performed 17 minutes after the judo
match simulation either when the recovery after
this simulation was passive (r=0.61) or active
(r=0.84). This suggests that a higher aerobic capa-
city could be important in the recovery process be-
tween consecutive matches. In view of this, future
studies should focus on the effect of aerobic capa-
city training, especially for the upper body on the
recovery process between typical judo matches.

Regarding upper body aerobic capacity, one
study has used onset blood lactate accumulation
(OBLA; 4mmol/L of blood lactate concentra-
tion) to evaluate this variable in high-level Polish
judo athletes.® The author found that male
athletes presented their OBLA at a higher intensity
(2.08+0.29 to 2.25£0.24 W/kg, depending on
the weight category) than female judo athletes
(1.10£0.24 to 1.79+0.32 W/kg, depending on
the weight category). No difference was found
in upper body cycle ergometry OBLA between
principals and reserves in either male (princi-
pals=2.17+£0.26 W/kg; reserves=2.11 £0.26 W/kg)
or female groups (principals=1.64+0.28 W/kg;
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Table X. Aerobic power of judo athletes

Sample characteristics Ergometer VOsmax (mL/kg/min) Reference
[mean+SD]
Male
US judo players (elite; n=8) Treadmill 53.2+1.4 Callister et al.l8!
US judo players (elite; n=18) Treadmill 55.6+1.8 Callister et al.['9]
Japanese team (n=13) Treadmill 45.9+4.8 Ebine et al.[78]
Japanese (university level; n=17) Bicycle 40.0+5.5 Ikai et al.[””]
Japanese (university level; n=6) Treadmill Sugiyamal”8!
pre-training 50.5+3.0
after 1-y judo training 52.5+3.4
Koreans (elite; n=29) Treadmill 61.1+10.6 Oh et al.l79]
Canadian Treadmill Little(2
cadets (n=17) 57.6+3.4
juniors (n=9) 59.3+4.0
seniors (different levels; n=17) 53.8+5.6
Junior French (different levels; n=9) NR 59.8+8.5 Majean and Gaillat!®%!
Polish NR Mickiewitz et al.[55]
juniors (n=54) 60.2+6.8
seniors (different levels; n=157) 60.2+8.7
Canadian team (n=19) NR 57.5+9.5 Taylor and Brassard(#?]
Canadian team (n=22) Treadmill 59.2+5.2 Thomas et al.l['8]
Australians (elite; n=17) Bicycle 53.2+5.1 Tumilty et al.[43]
Spanish Bicycle Suay et al.[81
winners (n=14) 52.8+0.8
defeated (n=14) 50.4+1.11
Spanish (n=17) Bicycle 45.6+1.5% Salvador et al.[82]
French Bicycle Gariod et al.[%]
endurance profile; regional level (n=10) 63.2+7.9
power profile; regional level (n=6) 54.6+3.0
Polish team 1994-7° Bicycle Borkowski et al.[65]
<60 to >95 kg 56.6+5.6
<60 to 95kg 57.6+4.6
>95kg 452+3.9
Polish team 1998-9°
<60 to <100kg 55.6+3.2
Polish team 1994-9¢
principal 545+4.9
reserves 54.4+5.6
Polish (national level; n=15) Treadmill 50.1+6.5 Sterkowicz et al.[23
French (regional level; n=16) Bicycle 55.0+0.5% Degouitte et al.[]
French (regional level; n=16) Bicycle 55.0+2.9 Degoutte et al.[83]
French (national level; n=10) Bicycle 44.5+6.0 Cottin et al.[B4
Spanish (7 men and 1 woman; national Treadmill 48.4+7.4 Bonitch et al.[8%]
and international level)
French (regional level; n=8) Bicycle 53.8+5.2 Vidalin et al.(88]
Bicycle (indirect) 50.9+£7.0

Continued next page
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Table X. Contd

Sample characteristics Ergometer \'/OZmaX (mL/kg/min) Reference
[mean+SD]
French (different levels) NR Maejan and Gaillat!8!
junior (n=8) 53.0+5.4
juvenile (n=13) 46.317.8
French (practitioners; n=8) Bicycle 52.0+5.3 Ahmaidi et al.l8”]
French regional and inter-regional levels (n=20) Bicycle (indirect) 47.6+7.1 Frings-Dresen et al.l68]
Brazilians Treadmill Franchini et al.[88]
national and international levels (n=5) 63.0+10.3
state level (n=7) 62.9+9.3
city level (n=5) 64.9+5.5
Brazilians Treadmill Franchini et al.l37]
elite (n=15) 58.1+10.8
non-elite (n=31) 63.3+10.6
Brazilian team Cooper test Franchini et al.l®]
principal (n=7) 48.3+8.1
reserves (n=15) 49.6+55
Italian Olympic team 2004 (n=6) Treadmill 47.3+10.9 Sbriccoli et al.[32]
Female
Polish team 1994-7° Bicycle Borkowski et al.[65]
<48 to >72kg 49.9+6.6
<48 to <72 kg 50.7+5.5
>72kg 39.5+12.0
Polish team 1998-9'
<48 to <78kg 49.9+4.8
Polish team 1994-99
principals 48.6+8.6
reserves 47.2+6.0
French (regional level; n=4) Bicycle 44.0+14.7 Vidalin et al.[80]
Bicycle (indirect) 43.0+£11.8
Polish seniors (different levels; n=15) NR 49.9+5.1 Mickiewitz et al.[5%
Canadians (different levels) Treadmill Littlel21]
juniors (n=9) 45.1+3.7
seniors (n=8) 43.7+£3.5
US (elite; n=7) Treadmill 51.9+0.8 Callister et al.[8
US (elite; n=9) Treadmill 52.0+1.4 Callister et al.l'®
Cuban team (n=8) NR 47.4+10.3 Pujadas et al.[3!
Japanese team (n=16) Treadmill 42.1+4.4 Ebine et al.[78]
Italian Olympic team 2004 (n=5) Treadmill 52.9+4.4 Sbriccoli et al.l32!

a Standard error.

b Fifty-eight athletes, no details concerning number of judo players per weight category.

¢ Seventeen athletes, no details concerning number of judo players per weight category.

d Seventy-five athletes, no details concerning the number of principal and reserve members.

e Forty-nine athletes, no details concerning the number of judo athletes per weight category.

f Eighteen athletes, no details concerning the number of judo athletes per weight category.

g Sixty-seven athletes, no details concerning the number of principal and reserve judo athletes per weight category.
NR = not reported; VOZmax =maximal oxygen uptake.
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Table XI. Anaerobic threshold velocity (ATV) in judo players

Study Sample characteristics

ATV (km/h) [mean+SD]

Sterkowicz et al.[23
Franchini et al.['?]

70 days before the Panamerican Games (1999)
30 days before the Panamerican Games (1999)

Franchini et al.[88! Brazilians:

National and international levels (n=5)

State level (n=7)
City level (n=5)

Franchini et al.l37] Brazilians:

National and international level (n=16)

State level (n=40)

Polish (national level; n=15)

12.0£0.9

Female Brazilian team (n=5):

9.3£1.60
9.7+1.3

10.7+£0.8
9.3+1.7
9.2+15

10.8£1.5
10.8+£1.7

reserves=1.69+£0.29 W/kg), suggesting that this
variable is not discriminant for judo performance,
at least in this level. Similar findings were ob-
served with running as the exercise model. In the
same study, both male and female heavyweight
judo athletes presented their OBLA at a lower
intensity compared with judo players from other

weight categories,[® confirming the findings

from Thomas et al.l'® concerning the lower
aerobic fitness (in that case measured by VO,,,.5)
of heavyweight judo players.

Ventilatory threshold (VT) has also been used
to evaluate the aerobic capacity of judo players.
The main results are presented in table XII.

Table XII. Ventilatory threshold (VT) intensity in judo athletes during treadmill exercise

Study Sample characteristics VT (%VOsmax) [Mean +SD]
Ebine et al.[78] Japanese team (VT1):

M (n=13) 57.5+3.3

F (n=16) 57.0+4.3
Oh et al.l”? Elite Korean (VT1; n=29) 66.3+18.7
Bonitch et al.[85] 8 Spanish (7 men and 1 woman; national and international level):

VT1 63.7+6.6

VT2 79.3+7.2
Littlel21] Canadians (different levels; VT2)

M:

Cadets (n=17) 78.6+4.8

Juniors (n=9) 77.0+5.5

Seniors (n=17) 78.7+6.6

F:

Juniors (n=9) 80.7+7.8

Seniors (n=8) 85.1+5.7
Callister et al.l'? Americans (elite):

M (n=18) 84.4+1.0

F (n=9) 87.9+1.2
Sbriccoli et al.[32] Italian Olympic team (2004):

M (n=6) 80.7+20.0

F (n=5) 87.1+£11.0

F=female; M=male; %\702max=percentage of maximal oxygen uptake.
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The percentage of VOax (%VOomax) in Which
the VT identified was similar to those found in
physically active individuals, but lower than in
highly aerobically trained athletes.®! This fact
strengthens the belief and provides more evidence
that aerobic metabolism is not highly developed
in high-level judo athletes. Additionally, the only
study comparing different age groups did not
find any difference for VT.[?!l When males and
females are compared, the results seem to indi-
cate higher values (%VO,y,,) in males, although
no detail about this aspect was given in these
studies.[19:21,32,76]

8. Conclusions and Future Directions

Successful judo athletes have very low levels of
body fat — both male and female — with the excep-
tion of heavyweight athletes. Mesomorphy is the
most predominant somatotype component in male
athletes, while females have similar components of
mesomorphy and endomorphy. Moreover, high-
level competitive judo athletes present with highly
developed dynamic strength, muscular endurance,
anaerobic power and capacity as well as aerobic
power and capacity. These variables seem to be
more prominent in the upper body than in the
lower body, suggesting that physical preparation
should focus on improvement in the upper body.
Muscle power, in contrast, appears to be better de-
veloped in the lower body. Isometric grip strength is
only slightly above the average of the non-athlete
population. However, aerobic power and capacity
are not highly developed in these athletes. Although
the above-mentioned characteristics have been con-
sistently demonstrated in high-level judo athletes
and, therefore, this may be considered as an ideal
profile when preparing an athlete for engaging in
high-level judo, much less is known regarding the
differences among weight classes and sexes. In-
deed, the development of evaluation tools more
specific to judo and more longitudinal studies,
would greatly contribute to elucidating the de-
termination of weight class- and sex-specific pro-
files. Moreover, studies using allometric scaling
would be of great importance for a better char-
acterization of the weight classes and for under-
standing the differences among them.

© 2011 Adis Data Information BV. All rights reserved.
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