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Abstract: Background: This study was designed to perform isokinetic knee testing of male judokas
competing in the under 73 kg category. The main aims were: to establish the concentric (CON) and
eccentric (ECC) strength profile of hamstrings (H) and CON profile of quadriceps (Q) muscles; to
evaluate the differences in CON and ECC peak torques (PT) with various strength ratios and their
bilateral asymmetries; the calculation of the dynamic control ratio (DCR) and H ECC to CON ratio
(HEC); Methods: 12 judokas competing on a national and international levels with a mean age of
19 + 4 years, a weight of 75 & 2 kg and with a height of 176 &+ 5 cm were tested. All the subjects
were right-hand dominant. Isokinetic testing was performed on iMOMENT, SMM isokinetic machine
(SMM, Maribor, Slovenia). The paired t-test was used to determine the difference between paired
variables. The level of significance was set at p < 0.05; Results: Statistical differences between left
(L) and right (R) Q PT (L 266; R 241 Nm), H ECC PT (L 145; R 169 Nm), HOR (L 0.54; R 0.63), DCR
(L 0.55; R 0.70), HEC (L 1.02; R 1.14) and PTQ/BW (L 3.57; R 3.23 Nm/kg) were shown. Bilateral
strength asymmetries in CON contraction of 13.52% =+ 10.04 % for Q, 10.86% =+ 7.67 % for H and
22.04% =+ 12.13% for H ECC contraction were shown. Conclusions: This study reports the isokinetic
strength values of judokas in the under 73 kg category, emphasising eccentric hamstring strength and
eccentric derived strength ratios DCR and HEC. It was shown that asymmetries are better detected
using eccentric testing and that the dominant leg in judokas had stronger eccentric hamstring strength
resulting in higher DCR and HEC.

Keywords: judo; strength ratios; bilateral asymmetries; dynamic control ratio; hamstring eccentric to
concentric ratio; weigh categories

1. Introduction

Judo represents a high-intensity and dynamic intermittent sport that requires complex
skills and tactical excellence for success [1-3]. Studies in judo have demonstrated that
adequate muscle strength is required for effective technical action [4]. Therefore, maximal
muscular strength is of high importance in achieving superior physical fitness and technical
supremacy in a judo bout [3,5]. Maximal strength can be measured with many devices;
however, one of the most reliable methods is computerised isokinetic dynamometry [3,5-9].
Isokinetic diagnostic devices are used for evaluating the current condition of the locomotor
system so that the strength of certain muscle groups is tested. In testing the extremities,
lower concentric angular velocities are most often used for measuring maximum strength
and higher concentric angular velocities (with a higher number of repetitions) for deter-
mining stamina [5]. Aside from its high reproducibility [10], isokinetic strength testing
has several other significant advantages, including (1) quantification of muscle function
in different contraction regimes and at different contraction velocities, (2) comparison of
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agonists and antagonists muscle function through various strength ratios, and (3) bilateral
strength comparisons between the limbs (i.e., assessment of strength asymmetry) [7].

It was reported that isokinetic dynamometry could provide beneficial information
regarding the detection of the strength of a particular muscle group as well as the timely
detection of imbalance between muscle groups in judo [11] and as an injury prevention
tool [12]. Isokinetic testing has been used in judo mainly to test knee [13-18], shoulder [19],
elbow [20], trunk [21], hip [17] and ankle [14] muscle strength and strength ratios. However,
the problem of these studies is that the sampling included judo athletes from multiple
weight categories. It is well known that judo athletes from different weight categories
have different morphological and performance characteristics [22-26]. Therefore, drawing
conclusions from a mixed weight category sample to a particular weight category could
be questionable. In addition, only two studies involving isokinetic testing in judo were
done with the sample divided by the weight categories [12,27]. The first research was done
by Callister et al. [27] on men’s category —95 kg and women’s —56 kg; however, weight
categories changed since the 90s and the second research was done by Blach et al. [12] on
all women weight categories. This shows the lack of research done in individual weight
categories in male and female judo despite the research showing athletes have different
performance characteristics.

Additionally, except for the study by Malovic et al. [15], all of these studies measured
only concentric (CON) strength. Judo is considered a sport where athletes are exposed to
numerous concentric/concentric (CON/CON) and/or eccentric/concentric (ECC/CON)
movement patterns where the opponent’s actions frequently induce the eccentric move-
ment [28]. Additionally, ECC muscle strength is essential to optimise power in elite judo
athletes, especially in producing peak lower body power during repetitiously throwing
techniques [2,29]. Furthermore, the ECC training in judo is important as ECC muscle
contractions enhances the performance during the concentric phase of stretch-shortening
cycles and the muscles activated during lengthening movements can also function as
shock absorbers, to decelerate during landing tasks or to precisely deal with high external
loading [30], that is in judo usually caused by the opponent.

Therefore, there is a great necessity in judo to measure ECC performance. This is
especially true for ECC hamstring strength, which is essential for dynamic knee joint stabi-
lization [31] and prevention of knee and, in particular, the anterior cruciate ligament (ACL)
injuries, which are the most common injuries in judo (17.4%) based on the recent extensive
injury analysis in judo from 2005 to 2020 on 128 top-level judo competitions [32,33]. ECC
hamstring strength is used to calculate the Dynamic Control Ratio (DCR) [7,34] or, as
sometimes called, the dynamic functional ratio (ECC antagonist/CON agonist) [15,35].
Additionally, it can be used to calculate the ipsilateral Hece to Heon ratio (HEC) [7] that has
not been used in judo to the best of our knowledge. A scarce number of research studies
focus on the topic of eccentric hamstring strength and its importance for judo. Based on
this information, there is a clear lack of research on isokinetics in judo that would use the
DCR ratio or even the HEC ratio, which has not been used.

The aims of this study were therefore (1) to establish the CON and ECC strength profile
of H and CON profile of quadriceps (Q) muscles in healthy males under 73 kg category
judokas; (2) to evaluate the differences in CON and ECC peak torques (PT) with various
strength ratios and their bilateral asymmetries; and (3) the calculation of the dynamic
control ratio (DCR) and novel (in judo) Heee to Heon strength ratio (HEC).

2. Materials and Methods
2.1. Sample

In the study, we tested 12 judo athletes that are competing in the senior under 73 kg
weight category on the national and international level with an age of 19 &+ 3.5 years, a
weight of 75 £ 1.9 kg, a height of 176 & 4.6 cm, body mass index (BMI) of 24.4 & 1.6,
body fat 10.7 &= 4.7 % and a skeletal muscle mass of 38.4 & 2.2 kg. Inclusion criteria were:
participants competing in the senior under 73 kg weight category; participants needed to
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be free of acute injuries at the testing time and did not report any current musculoskeletal
system pain; participants should not be involved in rapid weight loss or have a competition
in the following week of the testing; otherwise, they were excluded from the study. The
sample size was justified by a priori power analysis in G*power software (Version 3.1.9.6;
Universitat Kiel, Kiel, Germany) [36] with a type I error rate of 0.05 and 0.8 statistical power
(minimum error type II). Overall, the analysis indicated that 15 participants would be
sufficient to observe significant large-sized acute effects (Cohen’s d = 0.80). However, we
were able to evaluate 12 judokas representing 52% of male athletes who participated in the
national championships, which has put our actual statistical power at 0.71.

Hand dominance was used as an indicator of judo dominance, where the participants
were asked which hand they used to write, draw, and throw a ball, as previously used [37].
All were right-hand dominant judokas, meaning that they are mostly (depending on the
fight tactics) right stance dominant fighters, where the left leg is the supporting leg/non-
dominant and the right leg is the attacking/dominant leg. They have been training judo for
10 & 4 years. At the time of the testing, judokas had, on average 1. DAN belt degree (black
belt) +0.78. The Faculty of Sport, University of Ljubljana Ethical Board (No. 2033/2013)
approved the study. During the study, the principles outlined in the Declaration of Helsinki
were followed. Upon recruitment, a signed informed consent form was obtained from
participants parents or guardians to participate in the study voluntarily.

2.2. Experimental Procedure and Data Analysis

Anthropometric measurements were taken in the morning between 9 am and 12 am.
Body height was measured with a stadiometer (GPM, Ziirich, Switzerland). Body composi-
tion measurements were performed using bioelectrical impedance analysis with the InBody
720 Tetrapolar 8-Point Tactile Electrode System (Biospace Co., Ltd., Seoul, South Korea).
The InBody 720 apparatus utilises the technology for measuring body composition by using
the method of Direct Segmental Multi-Frequency Bioelectrical Impedance Analysis. With
InBody 720, we measured body weight, BMI, skeletal muscle mass and body fat mass.

Afterwards, isokinetic testing took place. It was performed by the same examiner with
extensive isokinetic testing experience in the Laboratory for isokinetic testing at the Faculty
of Sport in Ljubljana, Slovenia. Laboratory was air-conditioned and the room temperature
was held between 22-24 °C. Testing was performed between 10 AM and 4 PM over one
week. Each testing session started with a warm-up consisting of cycling for 6 min at a
moderate pace (50-100 W), followed by a 15 s stretch of Q and H. All participants were
given a detailed explanation about the testing procedure.

Testing was performed for quadriceps and hamstrings in concentric and also for
hamstring in eccentric mode. The iMoment, SMM isokinetic dynamometer (SMM, Maribor,
Slovenia) was used for testing [38—40]. The device was calibrated, and the gravity correction
was executed according to the manufacturer’s procedures. Judokas were tested in a sitting
position. Forward sliding on the seat was prevented using 4-point belts that pushed the
pelvis downward and backwards but were not uncomfortable for the participants and also
controlled the trunk movement. The thigh of the tested leg was secured using a special
additional belt. During testing, the subjects were instructed to hold the side handles at
the chair’s base. The knee joint rotation axis was identified through the lateral femoral
condyle and aligned with the motor axis. A range of motion of 60° was set from 90° to 30°
knee flexion (full flexion considered 0) [41]. Testing was performed at 60°/s for both H
and Q in concentric and H eccentric contraction modes. Gravity error torque was recorded
for every subject. Before testing, each participant performed a series of 20 submaximal
repetitions at a given velocity in a continuous passive mode (CPM) followed by a 3 min
break. After the initial CPM set, each participant performed 5 maximal contractions in
the following order: (1) five consecutive concentric Q and H contractions followed by a
60 s pause, (2) five eccentric H contractions. When testing of one side was completed, a
3-min break followed, during which the machine setting was changed to accommodate
for the opposite leg. The first tested leg was assigned randomly for each subject. There
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was no verbal coaching during testing repetitions. The main outcome measure was peak
torque (PT) which was later normalised for body weight (BW) and expressed as PT/BW as
suggested by Jaric et al. [42]. Following strength ratios were also calculated: the concentric
H/Q ratio (HQR), Hecc/ Qcon ratio—the dynamic control ratio—DCR [34], and Heee /Heon
ratio (HEC) [7]. Finally, we calculated the relative strength difference between left (L) and
right (R) leg for all testing conditions—a neuromuscular measure known in the literature
as the bilateral strength asymmetry [43] using the following formula: [1 — (PT L/PT R)]
x 100. The bilateral strength asymmetry expressed in percentages was used regardless of
which leg was stronger. The testing protocol is shown in Figure 1.

WARMUP ISOKINETICTESTING ISOKINETICTESTING ISOKINETICTESTING

*6 min STEP 1 STEP 2 STEP 3
MORPHOLOGICAL ©50-100 W

«CPM MODE WARMUP «CON-CON *ECC HAMSTRING
«20 REPETITIONS QUADRICEPS AND 5 REPETITIONS

«SUBMAXIMAL HAMSTRING «MAXIMUM CONTRACTION
CONTRACTION *5 REPETITIONS «SPEED 60°/s

*SPEED 60°/s *MAXUMUM 3 MINUTES REST
3 MINUTES REST Geluraniel] «MACHINE CHANGE TO

*SPEED 60°/s TEST THE OPOSITE LEG
3 MINUTES REST AND REPEAT THE STEPS 1
TO3.

MEASUREMENTS

Figure 1. Flowchart of the testing protocol.

2.3. Statistical Analysis

Data were processed and presented using the SPSS for Windows 27.0 statistical pack-
age (SPSS, Inc., Chicago, IL, USA). The Shapiro-Wilk test was used to assess the normality
of the data. To determine differences in paired variables, a paired T-test was used with a
statistical significance set at p < 0.05. Effect sizes (ES) were calculated utilizing Cohen’s d.
Threshold values for ES statistics were: >0.2 small, >0.5 moderate, >0.8 large, >1.3, very
large [44].

3. Results

The results of isokinetic testing for L (non-dominant side) and R (dominant side) H and
Q in both CON and ECC modes are presented in Table 1. Judokas in the weight category
under 73 kg statistically differ in L and R Q peak torque (PT-Q) t(11) =2.47, p = 0.031; L
and R H ECC peak torque (PT-H-ecc) t(11) = 3.33, p = 0.007; L and R H to Q ratio—HQR
t(11) = 4.02, p = 0.002.; L and R dynamic control ratio DCR t(11) = 7.05, p =0.001; Land RH
ECC to H CON ratio HEC t(11) = 3.31, p = 0.007 and L and R Q peak torque to body weight
PTQ/BW t(11) = 2.52, p = 0.029. Other variables did not statistically differ.

Bilateral strength asymmetries are presented in Table 2. The Q bilateral strength
asymmetry in the concentric mode was 14%, in H concentric mode was 11% and in H
eccentric mode was 22% between L and R leg.
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Table 1. Mean (£SD) values for L and R quadriceps (Q) and hamstring (H) concentric and hamstring
eccentric (PTHecc) peak torques (PT), PT per kg of weight (PT/BW) and strength ratios (HQR, DCR
and HEC) at 60° /s with paired f-test.

Group
Left Side Right Side o
(Non-Dominant) (Dominant) 95% C1
Variables Mean SD Mean SD Lower Upper df t 4 ES
PT-Q (Nm) 266 31 241 40 2.80 48.36 11 247 0.031 * 0.714
PT-H (Nm) 142 16 148 12 —16.78 4.78 11 1.23 0.246 0.357
PT-H-ecc (Nm) 145 21 169 30 —4042 —-825 11 3.33 0.007*  0.961
HQR 0.54 0.06 0.63 0.09 —0.14 —0.04 11 4.02 0.002 * 1.159
DCR 0.55 0.08 0.70 0.09 —0.21 —0.11 11 7.05 0.001*  2.035
HEC 1.02 0.08 1.14 0.15 —0.20 —0.04 11 3.34 0.007*  0.964
PTQ/BW (Nm/kg) 3.57 0.43 3.23 0.53 0.04 0.65 11 2.52 0.029*  0.726
PTH/BW (Nm/kg) 1.90 0.23 1.99 0.17 —0.23 0.06 11 1.29 0.223 0.373

*p <0.05; Legend: PT—peak torque; Q—quadriceps muscles, H—hamstring muscles; Hecc—H eccentric mode
data; HQR—hamstring/quadriceps ratio; DCR—dynamic control ratio; HEC—H eccentric contraction divided by
H concentric contraction ratio; PTQ/BW—peak Q torque divided by body weight; PTH/BW (Nm/kg)—peak H
torque divided by body weight; ES—effect size; df—degrees of freedom; CI—confidence interval.

Table 2. Bilateral strength asymmetry (%) of quadriceps (Q) and hamstring (H) muscles in under
73 kg judokas.

Variables of Asymmetry Mean (%) SD 95% Confidence Interval
Q in concentric mode 13.52% 10.04 (7.14-19.90)
H in concentric mode 10.86% 7.67 (5.98-15.72)
H in eccentric mode 22.04% 12.13 (14.33-29.74)

Legend: Q—quadriceps muscles, H—hamstring muscles; SD—standard deviation.

4. Discussion

Our results demonstrate the CON and ECC H and CON Q strength profile in healthy
males under the 73 kg category. Furthermore, the tested legs” HOR, DCR and HEC ratios
were calculated and bilaterally compared. Strength ratios showed significant bilateral
asymmetries favouring the right (attacking) leg. Our study is the first to report the ipsilateral
HEC ratio for hamstrings in judokas; only the second one [15] in judo to use eccentric
isokinetic measurements in the knee joint and only the 3rd one [12,27] to conduct a study
with isokinetic testing on a sample of a selected weight category.

4.1. Isokinetic Absolute Values

Our data show that judokas competing in the under 73 kg weight category achieved
absolute PT values of 266 + 31 Nm on the L and 241 4+ 40 Nm on the R Q and 142 + 16 Nm
on the L and 148 4+ 12 Nm on the R H. Values from L and R H PT did not statistically
differ. In contrast, Q PT values showed a significant difference (p = 0.031) with greater
values in the L Q. Compared to a study with senior Serbian judokas, who achieved values
of 271 Nm on the R Q and 271 Nm on the L QQ, and the 109 Nm on the R H and 110 Nm
on the L H [5], our judokas have achieved lower absolute PT values for Q, while they
achieved much better absolute PT values for H. Similar absolute Q PT values for the L and
R leg (L 243 Nm; R 240 Nm) in senior judokas were reported by Malovic et al. [15], with
higher absolute H PT values (L 162 Nm; R 152 Nm). However, such comparisons should be
taken with caution as the sample of the aforementioned studies included judokas from all
weight categories (bodyweight of the sample [5] 81.02 £ 42.98 kg; [15] 82.30 & 17.03 kg).
Therefore, possible characteristics of a particular weight category can be hidden in the
average of all participants. Additionally, reporting and comparing absolute values on a
weight mixed sample for a weight category sensitive sport can be especially problematic
and misleading. Therefore, research in judo should emphasize sampling from particular
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weight categories and report PT as absolute and relative values. Overall, our judokas
achieved a good absolute CON H PT.

4.2. Isokinetic Relative Values

Relative Q peak torques values (PTQ/BW) of our study (L 3.57 & 0.59; R 3.23 & 0.53)
are similar to the study done by Lech et al. [4], where mean relative Q peak torque of
3.44 &+ 0.59 Nm/kg was reported in the sample of 7 athletes. However, higher differences
occur when we compare flexors data with 1.77 £ 0.58 Nm/kg to our 1.90 &+ 0.23 Nm/kg
on the L and 1.99 £ 0.17 Nm/kg on the R side. Again, comparing these results can
be problematic as the comparison study sample comprises judokas from several weight
categories (mean bodyweight 82.2 & 7.6 kg), so athletes from higher weight categories
can negatively influence the mean representation of the data. Therefore, the need for
testing athletes from a particular weight category is even more critical. Normative values
recommend that athletes, when tested at the 60° /s, should be between 2.7-3.2 Nm/kg in
Q PT and between 1.6-2.0 Nm/kg in H PT [9,45]. Our athletes’ relative Q PT/BW values
are above, while our H PT/BW values are well in line with the recommended values.
Furthermore, high maximum relative H torques were reported to highly correlate with the
judo activity index (r = 0.76, respectively) [4], highlighting the importance of hamstring
strength in judo.

4.3. Strength Ratios

Measuring ECC H PT allowed us to calculate the HEC ratio between H ECC and
H CON values for the first time in judo. Maybe we should stress that, unlike concentric
strength, the eccentric muscle strength is more difficult to normalize to body weight, as
it is strongly associated with the neurological component, making comparisons between
studies difficult; therefore, the HEC ratio is much easier to follow and compare. Our
athletes reported HEC values of 1.02 £ 0.08 for the L and 1.14 + 0.15 for the R leg. The HEC
ratio over 1 shows that the ECC strength of the H is greater than the CON strength, as it is
expected with a normal muscle force-velocity relationship (e.g., normal Hill’s graph). Our
data suggest that the H ECC strength is higher from CON for 2% in the L and 14% on the R
leg. Values on the R leg are in line with the values from other sports like volleyball, which
are around 10% [7] higher for ECC H strength. However, the values for the L leg with just
2% show a low ECC H strength of the supporting leg for the right stance dominant judokas.
Moreover, the HEC ratio showed significant differences between L and R leg (p = 0.007).

The most significant differences in the L to the R leg are shown in ECC H PT, with
statistically (p = 0.007) lower values on the L leg. The same statistical difference is also
shown in the dynamic control ratio-DCR on the L leg (L 0.55; R 0.70), which according
to some authors [9], could present an increased risk of an H strain. Therefore, measuring
ECC H strength in judo is of great importance as it helps to calculate the DCR ratio.
In judo, a DCR ratio on a mixed weight sample was reported in for L and R leg for seniors
(L 0.71 +0.16; R 0.72 £ 0.12), juniors (L 0.81 £ 0.28; R 0.78 &£ 0.25) and cadets (L 0.84 £ 0.10;
R 0.91 &+ 0.24) [15]. In comparison, we can see that the DCR is similarly lower on the L leg
in senior and cadets compared to our athletes, which indicates the low ECC H strength
of the supporting leg for the right stance dominant fighters. In other sports like sprinting
and soccer, a DCR of 1.0 has been proposed [46]. Furthermore, DCR acts as a predictor
that indicates a significant capacity of the H to provide joint stabilisation during knee
extension [47]. This indicates that eccentrically acting H has the ability to break the action
of the concentrically contracting Q, meaning that this helps reduce the tibia’s anterior
displacement on the femur and prevent hyperextension of the knee [46], thus protecting
overstraining of ACL. The knee is the most frequently injured site in judo [32], with an
ACL tear being the most frequent cause [33]. The ACL is also the most serious knee injury
in judo [48]. Therefore, suggestions have been made for the importance of developing an
exercise prevention programme for judo [48-50]. Combined with the injury preventive
programmes, the DCR ratio with the eccentric H strength could also help in the early
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identification of vulnerable judokas and optimal conditioning of judo athletes. It should be
stressed that some professionals are anxious to apply eccentric strength testing as we have
noticed a study by Ermis et a [13], where they reported that their study was conducted
with concentric contractions alone to prevent injuries of the H muscles in subjects. This is
unreasonable as the ECC testing of hamstrings is safe for a healthy athlete and there was
only one report of a hamstring muscle strain caused by isokinetic testing [51], where testing
for performed on an athlete with a known hamstring strain. Eccentric hamstring strength
testing also does not take excessive additional time. If we add a 60-s break after the Q and
H CON/CON test and 5 ECC H repetitions that last 10 s, we extend the testing for just
70 s. However, the additional data from ECC H PT could be of great use for calculating the
DCR and HEC ratios. However, we must acknowledge that isokinetic dynamometers and
testing are expensive [52] and time-consuming [53] for some athletes and clubs. Therefore,
we can recommend a two-stage screening approach. The first one would be the use of field
screening with the Single Leg Hamstring Bridge Test (SLHBT) [52]. The SLHBT is a simple
and affordable test that could be used in the initial physical conditioning screening of
hamstring strength and asymmetry evaluation [54,55]. If the asymmetries exceed 15% [56],
we recommend the second stage in which the isokinetic testing should comprehensively
evaluate those athletes. We recommend that national judo associations and coaches use
this approach to tackle the high rates of knee joint injuries. Additionally, a high CON PT of
Q and a low CON PT of H results in a low HQR ratio (L 0.54; R 0.63), which puts the knee
joint at risk. It was reported that lower than 60% of HOR is associated with non-contact
leg injuries [57]. This could be explained by all judokas being right-hand dominant, which
usually reflects in the judo bout to be right stance dominant. In this position, the right
stance dominant judokas usually operate on the L leg as a supporting leg, and the R leg
is used as the “execution” or attacking leg. Therefore, the execution leg (in our case, the
right leg) is getting much more concentric and eccentric work than the supporting leg,
which could lead to imbalances between muscle groups. Especially if the judokas training
is primarily unilateral and they perform their throwing techniques only to their dominant
side [58]. These circumstances often occur when judokas train their Tokui waza—a special
technique. Standing-supporting leg hamstring is therefore at a higher risk of being injured,
especially when judoka is attacking or being attacked with the uchi-mata technique, which
is one of the most used techniques and the standing leg hamstring gets stretched to the
limits. Furthermore, sudden knee extension of the pivoting leg with the hip flexed while
executing the uchi-mata move can cause a rupture of the hamstring tendon [59]. Another
H injury mechanism can occur to the supporting leg while being counterattacked by the
opponent with overturning while executing the tai otoshi throw [59]. In this position, the
ECC H strength of the standing leg plays a vital role in preventing H injuries. Moreover, a
high CON and ECC H strength can additionally protect the knee joint from injuries like
ACL injuries and before H injuries or re-injuries [60-63].

Unilateral training can lead to imbalances in muscle strength which increase the
occurrence of injuries. We may notice that concentric strength differences were within
the proposed 15% limit [9], while eccentric strength asymmetry was 22% showing more
sensitivity of eccentric strength testing to detect strength differences. Our results highlight
the importance of bilateral movement development and good throwing techniques to
the dominant and non-dominant body sides. This will not only help lower functional
asymmetries, but it will also aid in a symmetrical morphological development, and as it was
shown, good bilateral throw performance helps achieve greater competition performance
all year round [64].

We acknowledge some limitations of this study. For even greater accuracy, the sample
of the study could be divided by age groups. Therefore, we recommend conducting
isokinetic testing within selected weight categories of the selected age group for further
studies. Further research can also be recommended for females and their weight categories
in selected age groups. Additionally, our athletes were in the preparation period, and there
is a chance that their strength and conditioning was not at their peak; however, the PT
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showed acceptable values. We did not collect any previous injury data, which could give us
better insight into the importance of the new HEC ratio. Therefore, we recommend further
studies to account for injury history additionally. This is the first study that calculated the
HEC ratio in judo, limiting the findings” discussion. Moreover, the athletes tokui-waza
(prefered techniques) is not known to us and if it is executed bilaterally or unilaterally, this
can significantly impact the body strength imbalances. Therefore, we recommend further
studies to account for this information.

5. Conclusions

This study reports the isokinetic strength values of judokas in the under 73 kg category,
emphasising eccentric hamstring strength and eccentric derived strength ratios DCR and
HEC. It was shown that asymmetries are better detected using eccentric testing and that the
dominant leg in judokas had stronger eccentric hamstring strength resulting in higher DCR
and HEC. Our data also suggest that special attention should be put on the supporting leg
and its ECC H strength. However, more studies are needed to establish reliable reference
values and evaluate the potential association of eccentric hamstring strength with knee
injuries in judo and its potential for training optimisation.
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