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Abstract

Purpose This study aimed to verify the relationship between physical tests and match-derived performance in official judo
matches, considering the weight category.

Methods Forty-one judo athletes participated in the study (19 women and 22 men), were divided into two groups according
to weight category (lightweight and heavyweight) and were evaluated in two time points—(1) physical tests: countermove-
ment jump (CMJ), handgrip strength (HGS), special judo fitness test (SJFT) and judogi grip strength test dynamic (JGSTpyy)
and isometric JGSTgp), and (2) match-derived performance during official matches. The ¢ test and Pearson’s or Spearman’s
coefficients were used with a significance level set at 5%.

Results Heavyweight athletes (male and female) showed better performances in power output in the CMJ (CMJppg), HGS,
and number of throws in SJFT (female only) compared with lightweights, while lightweights (male and female) performed
better in the JGSTppy and JGST g, respectively (p < 0.05). Additionally, a positive correlation was found between effec-
tive combat time (ECT) and CMIJppq for male lightweight athletes (r=0.65). In the female lightweight group, the ECT was
correlated with CMJ height (r=0.75) and HGS (r=0.65); the number of attacks was correlated with HGS (r=0.64) and
CMlIpp (r=0.75). Considering the heavyweight female group, we verified a significant correlation between JGSTgq and
efficiency (r=0.67), as well as between effectiveness and HGS (r=0.68).

Conclusion Time motion performance in lightweight athletes depends more on HGS and muscle power of the lower limbs,
whereas effectiveness and efficiency depend on HGS and resistance strength of the upper limbs in heavyweight athletes.

Keywords Combat sports - Muscle power - Strength - Body mass - Anaerobic capacity - Effectiveness

Introduction

Performance in combat sports has a multifactorial depend-
ence in which technical-tactical and physical components
play a major role [1, 2]. The structuring of training programs
in these sports is a complex task, making it necessary to
identify the characteristics of the sport and the main fac-
tors associated with performance. Judo is a combat sport in
which athletes are engaged in several high-intensity efforts
of an intermittent nature [3], requiring a combination of dif-
ferent physical capacities related to the neuromuscular [4]
and metabolic systems [5]. In this sense, neuromuscular [4],

P4 Rafael Lima Kons
rafakons0310@gmail.com

Daniele Detanico
danieledetanico@ gmail.com

Jonathan Ache-Dias
jonathanache @ gmail.com

Juliano Dal Pupo . . .
dalpupo@gmail.com aerobic [6] and aerpblc/anaeroblc [7] te§t§ have' been used to
assess the metabolic and strength capacities of judo athletes.
' Biomechanics Laboratory, Center of Sports, Federal During judo combat, in particular, strength parameters
University of Santa Catarina, Florianopolis, SC 88040-900, have been related to technical-tactical performance, e.g.
Brazil ’

Kons et al. [8] reported that match-derived performance

Catarinense Federal Institute, Araquari Campus, Araquari, (attack attempts, effective combat time, and effectiveness)

Santa Catarina, Brazil

@ Springer


http://orcid.org/0000-0003-1615-5464
http://orcid.org/0000-0001-6127-437X
http://orcid.org/0000-0001-9146-9450
http://orcid.org/0000-0003-4084-9474
http://crossmark.crossref.org/dialog/?doi=10.1007/s11332-018-00524-y&domain=pdf

362

Sport Sciences for Health (2019) 15:361-368

were positively correlated with countermovement jump
(CMJ) performance and maximal handgrip strength during
official judo matches in female athletes, whereas in male
athletes technical—tactical aspects were correlated with judo-
specific tasks [9]. However, judo is a weight-classified sport,
in which athletes on both male and female teams are divided
into seven weight categories [10]. In this sense, whether the
relationship between physical and technical—tactical perfor-
mance differs according to weight category is unknown.

It has been pointed out athletes of different weight cat-
egories show different anthropometric, physical, and physi-
ological profiles [4, 11-13]. According to previous studies,
judo athletes in heavyweight categories seem to perform
better strength exercises when absolute values are used
(e.g. handgrip strength, bench-press 1RM, squat 1RM, and
row 1RM) [12, 13], but inferior performance in explosive
strength exercises [12] or in absolute values of muscle power
in the lower limbs (e.g. vertical jump height) [11] compared
to lightweight athletes. These data suggest that lightweight
athletes perform better in terms of muscle power and veloc-
ity, whereas heavyweight athletes present higher levels
of absolute strength and power. In addition, there was an
inverse correlation between body mass (indicator of weight
categories) and aerobic power markers in elite judo competi-
tors [14]. Moreover, Franchini and Sterkowicz [15] reported
that athletes in heavyweight categories showed a higher fre-
quency of penalties (shido) and a lower frequency of arm
throwing techniques (7e-waza) than lightweight athletes.
Thus, judo athletes seem to show different technical-tacti-
cal profiles regarding weight categories. In this sense, the
physical training demand should also be considered during
the planning of the season.

Although knowledge about the relationships between
physical and match official-derived performance is essential
to a better understanding of the capacities involved during
competition, it is also necessary to consider the specificity
of the weight categories. However, the effect of physical
fitness on match-derived parameters in official judo com-
petition, taking weight categories into account, has not yet
been reported. This information would provide more accu-
rate indications for coaches during the routine training of
judo athletes and identify the possible influence of weight

categories on physical fitness and technical—-tactical per-
formance. Therefore, the aim of this study was to analyze
the relationship between physical and match-derived per-
formance in official judo matches, according to weight cat-
egory. We hypothesized that match-derived variables would
be related to muscle power and aerobic index in lightweight
athletes and to muscle strength in heavyweight athletes.

Materials and methods
Participants

Forty-one Brazilian judo athletes participated in the study,
19 women and 22 men. Athletes were divided into two
groups according to weight category and following previ-
ous studies [16, 17]. The male team was composed of 11
lightweight athletes (55-73 kg) and 11 heavyweight ath-
letes (81-100 kg), while the female team was composed
of 11 lightweight athletes (48—57 kg) and 8 heavyweight
ones (63-78 kg). The athlete characteristics are described
in Table 1. Male athletes differed significantly in body mass
[effect size (ES)=3.75, large], height (ES=1.01, large),
body fat (ES =1.62, large), and time of practice in years
(ES=0.74, large); the values of all these measures were
higher in the heavyweight group. The female team differed
in body mass (ES =3.20, large) and height (ES =1.29, large),
these being higher in the heavyweight group.

All athletes trained regularly (physical, technical, and tac-
tical training) four to five times per week during the evalu-
ation period. They had on average 10.14 + 3.0 years of judo
experience for male team and 11.0+4.5 years for female,
and competed at state and national levels. Participants were
included according to the following criteria: no reported
musculoskeletal disorder or injury that would influence
their maximal physical performance, training regularly for
the last 5 years, and in a competitive period phase (not in a
rapid-weight loss period). All participants were older than
18 years and received a detailed verbal explanation of the
purpose, methods, and potential risks/benefits of the study.
They then signed a written informed consent form agree-
ing to participate in the study. This study was approved by

Table 1 Age and anthropometric characteristics of judo athletes according to the gender and weight category

Male

Lightweight (n=11)

Heavyweight (n=11)

)4 Female P

Lightweight (n=11) Heavyweight (n=38)

Age (years) 19.2+1.6 20.6+2.2
Body mass (kg) 61.1+6.8 88.0+7.5
Height (cm) 173.1+10.1 181.7+6.4
Body fat (%) 10.7+3.3 17.1+4.5
Time of practice (years) 9.0+2.6 11.1£3.0

0.10 209+3.5 20.8+3.2 0.92
<0.001 520+34 71177 <0.001

0.01 158.1+£5.9 165.1+4.9 0.007
<0.001 16.3+4.5 19.7+3.8 0.06

0.003 10.3+£4.2 12.0+£5.0 0.21
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the Research Ethics Committee of the local university, in
accordance with the Declaration of Helsinki.

Study design

Assessments were performed in two stages: (1) anthropo-
metric evaluation and physical tests and (2) recording of
matches during official competitions for technical—-tactical
analysis. In the first step, after the anthropometric assess-
ment, participants were submitted to physical tests: the coun-
termovement jump (CMJ) and maximum handgrip strength
tests. Twenty minutes later, the Judogi Grip Strength Test
(JGST) and special judo fitness test (SJFT) were performed.
All assessments were performed over a maximum of 2 weeks
before the official competition (competitive period).

Anthropometric assessment

The body density of male athletes was estimated from the
equation proposed by Petroski and Pires Neto [18] consid-
ering the sum of four skinfold thickness (triceps, subscapu-
lar, suprailiac, and medial calf). For females, the equation
proposed by Jackson et al. [19] was used considering the
triceps, suprailiac, thigh, and mid-axillary skinfolds. After-
wards, body density was used to obtain body fat according to
Siri’s equation [20]. Body mass was measured using a digital
scale (0.1-kg accuracy), and height was assessed using a
stadiometer scale with 0.1-cm accuracy. All measurements
were performed before physical tests by an experienced eval-
uator (level 1 of the International Society for Advancement
in Kinanthropometry—ISAK).

Countermovement jump assessment

Before vertical jump assessment, the participants performed
a familiarization/warm-up involving 30 s of hopping on a
trampoline, three series of ten hops on the ground, and
five submaximal countermovement vertical jumps. After a
3-min resting period, athletes performed a maximal CMJ
on a piezoelectric force platform (model 9290AD; Kistler,
Quattro Jump, Winterthur, Switzerland), which measures
vertical ground reaction sampling at 500 Hz. To perform
the CMJ protocol, the athletes started from a static standing
position and were instructed to perform a countermovement
(descent phase), followed by a rapid and vigorous exten-
sion of the lower limb joints (ascent phase). The athletes
were then instructed to jump as high as possible. Participants
were required to keep the trunk as vertical as possible, and
the hands were placed on the hips. Participants were also
asked to flex their knees at 90° in the transition between the
eccentric and concentric phases. Verbal feedback was pro-
vided to the participants during the test to encourage them to
maintain a knee angle of approximately 90° and maximum

performance until the end of the test. We presented the mean
value (within three trials) of jump height and peak power
output using absolute values (W) and normalized values for
body mass (W kg™!). The reliability of vertical jump vari-
ables calculated by the three trials of the CMJ showed an
Intraclass Correlation Coefficient (ICC) of 0.97 for jump
height (CMJ;y) and 0.99 for peak power output (CMJpp).

Maximal isometric handgrip strength

The handgrip strength test followed the procedures adopted
by the American Society of Hand Therapy (ASHT). Partici-
pants were seated with the spine erect, maintaining a knee
flexion angle of 90°. The shoulder was positioned in adduc-
tion and neutral rotation, the elbow flexed at 90°, with the
forearm in half-pronation and with a neutral grip. Athletes
were instructed to hold the handgrip dynamometer (Carci®,
SH 5001 model) and exert maximum effort for 3 s with the
dominant hand, with a rest period of 30 s between each
trial. We presented the absolute values of handgrip strength
(N) and normalized values for body mass using a specific
allometric exponent for each gender, because the absolute
values are not linearly related with body mass. Thus, the
ratio standard (N kg~!) is not adequate for normalizing these
data. To extract the specific allometric exponent, log—linear
regressions were established for each gender based on the
natural logarithms of body mass (kg) and handgrip strength
(N), following the procedures used by Kons et al. [21]. It
was established an exponent of 0.67 (N kg=%¢7) for male
team and 0.86 (N kg=*%6) for female. The highest strength
value was used for analyses. The reliability of the handgrip
test was evaluated, showing an ICC of 0.97 for the dominant
hand.

Special judo fitness test assessment

Before the SJFT, the athletes performed 5-min warm-ups,
which consisted of jogging, judo falling techniques (ukemi),
and repetitive throwing techniques without falling (uchi-
komi). Subsequently, three athletes of similar body mass
and height performed the SJFT, according to the following
protocol: two judokas were positioned at a distance of 6 m
from each other, while the test executor was positioned 3 m
from the judokas to be thrown. The procedure was divided
into three periods: 15 s (A), 30 s (B), and 30 s (C), with 10-s
intervals between periods [7]. In each period, the executor
threw the opponents using the ippon-seoi-nage technique as
many times as possible. Performance was determined based
on the total throws completed during each of the three peri-
ods (A+B+C). Heart rate (HR) was measured immediately
after the test and then 1 min later (Polar® M430-Kempele/
Finland). The index was calculated through the sum of heart
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rates (immediately after the test and 1 min later) divided by
the total number of throws.

Judogi grip endurance strength test

The athletes were familiarized with the test by performing
three submaximal repetitions on the judogi suspended on
the bar. Male athletes performed the dynamic (JGSTpyy) and
isometric (JGST;gq) versions of the test, while women per-
formed only the JGSTgq. The JGSTy consists of holding
the judogi rolled around the bar, with the elbow joint at max-
imal extension and flexing the elbow, moving the chin above
the line of the handgrip. Athletes were asked to perform the
maximal number of repetitions from a fully extended to a
fully flexed elbow position as many times as possible. After
a 15-min interval, the men performed the JGST g, which
consists of sustaining the position (elbow flexion) for the
maximal possible time. The women performed only the last
step. The chronometer was stopped when the athlete could
no longer maintain the original position. The reliability of
the JGST has been assessed in previous studies, presenting
an ICC higher than 0.98 [4].

Match-derived variables in official competition

All combat bouts during state-level competitions were filmed
using two cameras (Sony Action Cam AS200), positioned
to capture the total combat area and the movements of the
athletes without interfering in the event. One hundred thirty-
two matches were analyzed—70 matches between males and
62 matches between females. Considering the male group,
32 matches were analyzed in the heavyweight category and
38 in the lightweight category, while in the female group,
28 matches were analyzed in the heavyweight category and
34 in the lightweight category. The videos were stored and
separated into individual combat bouts for the athletes evalu-
ated. Subsequently, the combat bouts were analyzed by a
judo expert (black belt, 14 years of experience) using the
software Kinovea (0.8.15, version 2) to obtain the following
variables:

(a) Efficiency index: quantification of the scores obtained
during the competition considering the referees’ evalu-
ation divided by the total number of matches, according
to the following estimation [22]:

by dividing the scores obtained and the total number of
techniques applied and multiplied by 100 [23].

(c) Percentage of wins: number of wins obtained in each
competition divided by the total number of matches
multiplied by 100.

(d) Effective combat time: actual working time of each
combat bout.

The match-derived data were collected and analyzed
according to the current rules in 2016, i.e. the yuko score
was computed, and the official match time was 5 min for
male and 4 min for female athletes.

Statistical analysis

Data are reported as means and standard deviations (SDs).
The Kolmogorov—Smirnov test was used to verify data nor-
mality. Student’s ¢ test was used to compare the physical
and match-derived variables between weight categories
(heavyweight and lightweight). Considering the variables
(absolute values) that presented significant differences, Pear-
son’s linear correlation (normal data) or Spearman’s cor-
relation (non-normal data) was used to verify the relation-
ship between physical (absolute values) and match-derived
performance according to the weight categories. Analyses
were performed in the Statistical Package for the Social Sci-
ences (SPSS™) with the level of significance set at 5%. The
effect size (ES) was calculated considering the comparison
of means (two independent groups), and the classification
of Cohen [24] was used: < 0.4 small, 0.41-0.7 moderate,
> 0.7 large. Additionally, we adopted the Hopkins [25] cri-
teria to classify the ES for the magnitude of the correlation:
r=0-0.1 (trivial), 0.11-0.3 (small), 0.31-0.5 (moderate),
0.51-0.7 (large), 0.71-0.9 (very large), and 0.91-1.0 (almost
perfect).

Results

Table 2 shows the means and SDs of physical performance,
as well as the match-derived performance for male and
female judo athletes, according to weight category. On
the male team, lightweight athletes performed better in
the JGSTpy (ES =0.84, large) than heavyweights, while
higher values of absolute CMJppy (ES =1.95, large) and
HGS (ES=0.76, large) were found in the heavyweight

(number of ippon X 10) + (number of wazari X 7) + (number of yuko X 5)

Efficiency =

Total number of matches

(b) Effectiveness index: relative representation of the use
of techniques performed in the competition, calculated
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Table 2 Mean and standard deviation of physical tests and match-derived variables in male and female athletes according to weight categories

Physical tests Male (n=22)

Lightweight (n=11) Heavyweight (n=11)

P Female (n=19) p

Lightweight (n=11) Heavyweight (n=38)

JGSTpy (reps) 16+3 12+6
JGST 40 (s) 42.8+8.8 37.0+17.2
SIFTp (reps) 27+1 28+3
SIFTyg (bpm) 139+17 15012
CMJyy (cm) 44.1+5.8 44.7+4.8
CMIppo (W) 2925.2+532.4 4110.3+671.9
CMJppo (W kg™ 47.61 +4.66 46.60+£5.72
HGS (N) 445.2+106.4 524.7+101.0
HGS (N kg*) 28.25+5.89 26.01+3.94
Match-derived performance

Attacks (n) 3+1 5+0
Efficiency (a.u.) 8.6+3.8 9.8+4.6
Effectiveness (%) 272+124 249+154
ECT (s) 104.2+63.3 101.8+70.2
Wins (%) 81.6+24.5 60.4+30.9

0.05 - -
0.18 39.2+12.7 25.6+11.8 0.008
0.26 25+1 27x1 0.05
0.05 141+13 158+ 14 0.07
0.40 343426 359+3.4 0.19
<0.01 2037.7+£189.6 2734.2+439.1 0.001
0.32 39.02+£2.09 39.46+3.57 0.36
0.04 301.7+45.5 360.6+36.6 <0.01
0.15 10.24+1.20 10.19+£0.88 0.45
0.18 3+1 4+2 0.73
0.46 6.2+4.5 72+4.0 0.33
0.60 249+16.4 29.7+16.2 0.74
0.73 81.7+£49.7 107.1£26.5 0.51
0.09 60.8+38.7 63.8+34.3 0.85

JGSTp;y judogi grip strength test dynamic, JGST g, judogi grip strength test isometric, SJF T total number of throws of special judo fitness
test-SJFT, SJFTyy, heart rate after the SJIFT, CMJ,; jump height of countermovement jump, CMJpp, peak power output in the CMJ, HGS hand-

grip strength, ECT effective combat time
N kg% for male and N kg% for female

r = 0.65 (Cl: 0.48 - 0.93)
p= 0.028

CMJ_P (W)

—T T T
100 150 200 250
Effective combat time (s)

Fig.1 Correlation between physical and match-derived performance
in male lightweight athletes

however, the heavyweight group was superior in the SJFT ¢
(ES =2.04, large), absolute CMJppg (ES =2.05, large), and
HGS (ES =1.42, large). No significant differences were
found in CMJppo and HGS normalized for body mass, as
well as in match-derived variables between the groups
(ES =trivial —large).

We tested the correlation between these physical per-
formance and match-derived variables, and found a sig-
nificant correlation between CMJpp and effective combat
time (ES =0.65, large correlation) for male lightweight ath-
letes (Fig. 1). Analyzing the lightweight female group, a
significant correlation was found in the number of attacks

with CMIppo (ES=0.75, very large correlation) and HGS
(ES =0.64, large correlation). In addition, effective combat
time was correlated with absolute HGS (ES =0.65, large
correlation) and CMIJ,y (ES =0.75, very large correlation)
(Fig. 2a). Considering the heavyweight female group, we
verified the significant correlation between JGST |y and
efficiency (ES =0.67, large correlation), as well as between
effectiveness and absolute HGS (ES =0.68, large correla-
tion) (Fig. 2b).

Discussion

This study aimed to investigate the relationship between
physical and match-derived performance in official judo
matches, considering the weight categories. The main find-
ings of this study were: (a) resistance strength of the upper
limbs (JGST) was superior in lightweight male and female
athletes, while muscle power in the lower limbs and hand-
grip strength in absolute values were better in the heavy-
weight group in both gender; (b) muscle power of the lower
limbs in absolute values was related to the effective com-
bat time in male lightweight athletes and to the number of
attacks in female lightweight athletes, whereas handgrip
strength (absolute values) was related to the number of
attacks and effective combat time in the female lightweight
group; (c) resistance strength was related to efficiency, and
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Fig.2 Correlation between physical and match-derived performance in female team: a lightweight and b heavyweight group

effectiveness was related to handgrip strength in the heavy-
weight female group.

When comparing performance of judo-specific tests, such
as the JGST and SJFT, between athletes of different weight
categories, we can observe that test performance is directly
influenced by body mass [26, 27], i.e. heavier judokas per-
form worse on both tests, mainly on the JGST, in which
test performance depends on lifting one’s own body mass
[26]. The number of throws in the SJFT (anaerobic capacity
indicator) was higher in female heavyweights compared with
lightweights. Franchini et al. [13] verified a negative corre-
lation between the number of throws in the SJIFT and body
mass in male judo athletes, but at the same time a positive
correlation between body mass and body fat percentage was

@ Springer

observed, indicating a possible influence of body fat on the
SJFT performance. In our study, no significant difference in
body fat percentage was found between female heavyweight
and lightweight athletes, which may justify the results. In
addition, Casals et al. [28] verified that fat-free mass and
muscle mass are predictors of the number of throws in the
SJFT.

Another interesting outcome is that muscle power in the
lower limbs (CMJ performance) and maximal handgrip
strength in absolute values were higher in the heavyweight
group in both genders. These results may be explained by
the effect of body mass on performance when absolute val-
ues are considered; however, when the body mass effect was
removed (normalization), there are no differences in these
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variables between the groups. Torres-Luque et al. [12] found
superior values of absolute handgrip strength in heavyweight
judo athletes compared with lightweights, and Athayde et al.
[11] verified higher absolute values of peak power and mean
power output measured during the concentric phase of CMJ
in heavyweight compared to lightweight athletes. Conversely,
when the values were normalized to body mass, lightweight
athletes showed higher CMJ peak/mean power output than
heavyweights [11], suggesting that heavyweight individuals
present lesser ability to generate higher power per kilogram of
mass, but this finding was not confirmed in the current study.

The absolute values of CMJ peak power output and
handgrip strength were correlated with the effective combat
time and number of attacks in male and female lightweight
groups. This indicates that lightweight athletes with high
levels of muscle power in the lower limbs and handgrip
strength were able to perform stronger attacks and main-
tain longer working times during combat (e.g. preparing
to attack, grip dispute, attacks, counterattacks, time spent
on groundwork, etc.). A judo match requires explosive and
powerful efforts in the lower limbs and engagement in sud-
den directional changes for attack or defense [1]. Another
relevant aspect is that the use of the stretch shortening cycle
(SSC) during the execution of the throwing technique may
be different between heavyweight and lightweight athletes,
i.e. a higher body mass may induces less use of the SSC,
which is considered the major factor in the ability to gener-
ate optimal levels of muscle power [29].

The efficiency and effectiveness indexes were correlated
with strength parameters of the upper limbs (JGSTgq and
HGS, respectively) in heavyweight female athletes. These
indexes have been used to represent performance in official
judo competition [22, 30]. Our results indicate that heavy-
weight female athletes who presented higher isometric
endurance strength in the upper limbs were more efficient
(higher quality of scores per match), whereas athletes who
showed higher isometric handgrip strength were more effec-
tiveness (higher scores with fewer techniques applied) [22].
Thus, it seems that isometric strength in the upper limbs
(maximal and endurance) contributes to better execution of
judo throwing techniques, leading to a high quality of scores,
particularly in heavyweight athletes. It is possible to sug-
gest that athletes in the heavyweight category need greater
control of the opponent (due to their higher body mass),
which allows for better balance and represents an advantage
in throwing technique performance during matches.

Conclusion

We conclude that heavyweight athletes showed higher
performance in absolute handgrip strength and muscle
power of the lower limbs (male and female team), whereas

lightweight athletes showed higher resistance strength of the
upper limbs (male and female group) and anaerobic capacity
(female group). In general, the time motion variables (attack
attempts and effective combat time) in lightweight athletes
is more dependent on handgrip strength and muscle power
of the lower limbs, whereas effectiveness and efficiency are
dependent on handgrip strength and resistance strength of
the upper limbs in heavyweight athletes.
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