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Abstract

Combat sports are very demanding in terms of physical fitness as well as the risk of injury. Elite athletes during
daily training due to specific movements can develop significant muscle asymmetry that can affect injury. The
aim of this study was to systematically review the existing literature with respect to total average value of ham-
strings-to-quadriceps (H/Q) 60°s-1 and H/Q 180°s-1 in judo, karate, tackwondo and wrestling. We placed
special emphasis on sex-based differences and possible asymmetries between legs in terms of isokinetic perfor-
mance. This document was developed and reported in accordance with the Guidelines for Preferred Reports for
Systematic Reviews and Meta-Analyzes (PRISMA). Web of Science, PubMed and Google Scholar were searched
for the relevant studies. Studies were included in the review if they were original and written in English and had
to have H/Q ratio measured as an outcome. In total, data from 243 athletes from eleven studies included studies
was analysed. The Mean of H/Q 60°-s-1 for all sports were: 58.33% for the right leg and 58.91% for the left leg.
Women had higher values: 59.38% vs. 57.42% for the right leg and 61.35% vs. 56.56% for the left leg. The Mean
of H/Q 180°-s-1 for all sports were: 71.44% for the right leg and 71.35% for the left leg. Women had higher val-
ues: 75.76% vs. 69.04% for the right leg and 73.39% vs. 70.33% for the left leg. All these values, combined for
all sports, and divided into subgroups according to gender, show that they are within the recommended values.
Combined results for all included studies showed that there was no asymmetry between the left and right leg.
According to the results of the balance of the mentioned agonists and antagonists, which are crucial for knee
joint stabilization during dynamic muscle contractions, we can conclude that athletes in combat sports do not
represent a risk group.
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Introduction tensity action in judo, competitors try to throw each other

Modern combat sports are very demanding in terms of ~ on their backs or control the opponent in the ground phase
physical fitness not only to achieve sporting success, butal-  (Thomas et al., 1989; Franchini et al., 2005). Similarly, wres-
so to reduce the risk of injury. For instance, during high-in-  tling (Greco-Roman style) is one of the most demanding
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sports from a metabolic standpoint, in which superior
strength and power are critical (Kraemer, 2002; Drid &
Dokmanac, 2007). In Taekwondo, muscle functions such
as muscle strength and endurance of the lower extremities
are important factors for performing a strong and precise
blow (Cools et al., 2007; Markovic et al., 2008; Kim et al.,
2015). According to the rules imposed by the World Karate
Federation, the main goal of an athlete is to score a point
by touching the opponent; therefore, high-intensity actions
in striking and shooting techniques are required before the
opponent’s response (Mori et al., 2002). Also, karate practi-
tioners spend a lot of time training in positions that could
put a lot of stress on joints such as the hips, ankles, and es-
pecially the knees (Sorensen et al., 1996; Probst et al., 2007).

The hamstrings to quadriceps H/Q peak torque ratios
have received much attention in connection with their use
to quantify muscle imbalance, as well as in rehabilitation
and physical fitness (Rosene et al., 2001; Kong & Burns,
2010). The H/Q peak tork ratio is critical for providing
muscle stability in the knee and for preventing anterior
cruciate ligament (ACL) injuries (Aagard et al., 1998). Low
back muscle strength relative to the quadriceps increases
the risk of non-contact knee injuries (Hewett et al., 2008),
and some studies have also shown that asymmetries be-
tween dominant and non-dominant limbs may also be as-
sociated with an increased risk of injury in athletes (Knapik
et al., 1991). Posterior contraction helps prevent excessive
quadriceps contraction, thus improving the stability of the
knee joint (Weiss et al., 2015). Thus, deficiencies in posteri-
or locus strength and activation limit the potential for mus-
cle contraction to protect ligaments (Hewett et al., 2008).

Elite athletes can develop significant muscle asymmetry
during daily training, and the specificity of sports move-
ments can lead to muscle imbalance that could affect in-
juries (Magalhdes et al., 2004). As a result of repeating the
same movement patterns over a number of years, a nega-
tive adaptation of the body to a particular sport can occur,
which often manifests as a contralateral and ipsilateral im-
balance of strength and flexibility (Nofal, 2003). Indicators
that show the occurrence of contralateral and ipsilateral
imbalance are as follows: the ratio of the maximum torque
of the hamstrings-to-quadriceps and bilateral deficit (BD).
Maintaining a balance between the hamstrings and the
quadriceps is necessary for the general stabilization of the
knee joint (Croisier et al., 2008). Balance exercises are quite
effective in terms of neuromuscular and functional perfor-
mance (Polat et al., 2018). The risk of injury decreases with
increasing leg muscle strength (U~”gur et al., 1999).

The H/Q ratio is particularly significant in acyclic
sports, as well as in sports in which there is a dominant
muscle group in terms of strength (Scoville et al., 1997).
Steindler (1955) was the first to suggest that the absolute
muscle strength of the knee extensor should be greater than
the strength of the knee flexor at 3:2 (66%). In the 1960s, the
introduction of isokinetic dynamometers began (Hislop &
Perrine, 1967). Isokinetic reports published up to the 1980s
assessed only concentric muscle actions and recommended
an optimal H/Q ratio in the range of 50 to 80% (Kannus,
1994). The limit value is 60% (Klein & Allman, 1969; Kellis &
Baltzopoulos, 1995). This value has become normative and
has been widely used to identify muscle imbalance through
the so-called “H/Q conventional relationship” (Heiser et al.,
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1984). Andrade et al. (2012) reach 57% of average values,
while Struzik and Pietraszevski (2015) reach results from
48.8% to 58.8%, depending on the angular velocity.

It is complex to assess whether higher or lower H/Q val-
ues are more desirable, because those that are within the
mentioned limits can be there most often due to quadriceps
weakness. The study was conducted in order to combine the
results of several studies, which is a great advantage when
we draw conclusions, then on the basis of only one study.
Individual studies often have limitations due to the small
number of respondents, so we combined the results of sev-
eral studies to obtain a reference number of respondents.
Therefore, the obtained results will represent a better pic-
ture of the research subject, and we will be able to conclude
whether the obtained values are within the recommended
framework. This is the uniqueness of this study in relation
to those published so far. The aim of this study was to sys-
tematically review the total average value of H/Q 60°s-1
and H/Q 180°-s-1 of the conventional ratio for judo, karate,
taekwondo, and wrestling, and also to compare the values
by gender and to compare the values of the left and right leg
in order to determine whether there is an asymmetry in the
muscle strength of the thighs.

Materials and Methods
Study Design

This document was developed and reported in ac-
cordance with the Guidelines for Preferred Reports for
Systematic Reviews and Meta-Analyzes (PRISMA) (Moher
et al. 2009).

Data sources and searches

The search strategy was developed to identify all relevant
studies that measure the H/Q ratio in sports: Judo, Karate,
Taekwondo, and Wrestling. Our systematic search includ-
ed Web of Science, PubMed, and Google Scholar databas-
es. The date limit for the publication period was set from
the year 2005 until August 2022. The inclusion/exclusion of
studies was done by two investigators by consultation and
consensus. We used the following combinations of the search
terms via the Boolean operator: (“Hamstring” OR “Posterior
Thigh Muscles” OR “Quadriceps”) AND (“Ratio” OR “Peak
Torque” OR “Torque Ratios” OR “Strength Ratios”) AND
(“Martial Arts” OR “Judo” OR “Karate” OR “Taekwondo” OR
“Wrestling”). The search strategy is shown in Fig. 1. We also
manually searched for reference citations of identified studies
and selected original research that met our inclusion criteria.
Two investigators (V. D. and B. R).

Study selection

To be included in our analysis, the original study had to
meet the following criteria: 1) H/Q ratio had to be measured
as an outcome 2) athletes had to be from one of four combat
sports: Judo, Karate, Taekwondo, and Wrestling. The inclusion
of studies in our analysis was limited to English only. Studies
excluded were systematic reviews, meta-analyses, study proto-
cols, books, book reviews, and conference publications. Also
excluded were those studies that measured dominant and
non-dominant leg as an outcome. There was no age limit for
the respondents included. The analysis included studies that
had both women and men as respondents and athletes elite
and non-elite.
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Excluded duplicate (n = 10)

Excluded based on abstract/title screening (n= 121)
- eBooks and books (n = 28)

- Irrelevant article (n=71)

- No assessment H/Q (n =22)
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- No combat sports (n =9)

- Examined dominant and non-dominant leg
(n=4)

FIGURE 1. Flow diagram of the process of study selection

Data extraction and quality assessment

After selecting studies based on inclusion and exclusion
criteria, the two investigators conducted data extraction
jointly. The following variables were abstracted into a
pre-formatted table: authors, year of publication, character-
istics of study participants (number of participants, age), sex,
angular velocity, sport, isokinetic dynamometer, H/Q values,
and mode.

Two researchers independently assessed the quality of
the studies involved, if there were disagreements, they were
resolved by consensus. Methodological qualities and risk of
bias were evaluated by the methodological index for non-ran-
domized studies (MINORS) (Slim et al., 2003). MINORS
score >10 was set as the level of inclusion. MINORS involves

Table 1. Risk of bias for each study

12 items: A clearly stated aim, Inclusion of consecutive pa-
tients, Prospective collection of data, Endpoints appropriate to
the aim of the study, Unbiased assessment of the study end-
point, Follow-up period appropriate to the aim of the study,
Loss to follow up less than 5%, Prospective calculation of the
study size, An adequate control group, Contemporary groups,
Baseline equivalence of groups, and Adequate statistical anal-
yses. Disagreements were resolved by a discussion to reach a
consensus.

Statistical analysis

Statistical analysis was performed using MetaAnalyst
software version 3.2 (Brown University, USA) (Wallace et al,,
2009). For the included studies, the Mean of H/Q ratio 60°-s-

Methodological items

Study 1 2 3 4 5 6 7 8 9 10 11 12 Total score
Blach 2021 2 2 2 2 0 0 0 0 2 2 2 2 16
Drid 2009 2 1 0 2 0 0 0 0 2 2 2 2 13
Drid 2011 2 2 0 2 0 2 2 0 0 0 0 2 12
Jung 2017 2 2 2 2 0 0 0 0 1 2 2 2 15
Kim 2015 2 1 2 2 0 2 1 0 0 0 0 2 12
Kotrljanovi¢ 2016 2 2 2 2 0 0 1 0 2 0 2 2 15
Lisowska 2020 2 2 2 2 0 0 0 0 2 0 2 2 14
Malovi¢ 2020 2 2 2 2 0 0 0 0 2 2 2 2 16
Polat 2018 2 2 2 2 0 0 0 0 0 0 0 2 10
Radjo 2011 2 2 1 2 0 0 0 0 2 2 2 2 15
Trajkovi¢ 2018 2 2 1 2 0 0 0 0 2 2 2 2 15

Note, (MINORS score): 1 - A clearly stated aim, 2 - Inclusion of consecutive patients, 3 - Prospective collection of data, 4 - Endpoints appropriate to
the aim of the study, 5 - Unbiased assessment of the study endpoint, 6 - Follow-up period appropriate to the aim of the study, 7 - Loss to follow
up less than 5%, 8 - Prospective calculation of the study size, 9 - An adequate control group, 10 - Contemporary groups, 11 - Baseline equivalence

of groups, 12 - Adequate statistical analyses.
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1 and 180°s-1 for the right and left leg was measured, and a
subgroup analysis by gender was performed. The asymmetry
between the left and right legs was estimated using the Mean
Difference (MD) and 95% confidence interval (CI) for the
measured outcomes H/Q ratio 60°-s-1 and 180°-s-1. Statistical
significance was set at p<0.05.

Results

Based on the search strategy, a total of 155 studies were
selected from the initial database search. Of that number, 10
studies were excluded as duplicates, so 145 studies were se-
lected for further analysis. Following the presentation of the
abstract and title, 121 studies were excluded because they did
not meet the inclusion criteria. The remaining 24 studies were
fully reviewed. When the full-text articles were reviewed, 13

Table 2. Characteristics of the included studies

studies were excluded. The remaining 11 studies are included
in this review article. The flow diagram of the study selection
process is shown in Fig. 1.

Risk of bias

Table 1. shows a summary of the risk of bias for each
study included. Of the eleven included studies, no study was
randomized, so MINORS was used as a risk of bias assess-
ment tool for non-randomized studies. The maximum pos-
sible score for comparative studies is 24, while for non-com-
parative studies it is 16. The lowest score was the study by
Polat et al. (2018) with 10 points, while the highest score was
the study by Blash et al. (2021), and Malovi¢ et al. (2020) with
16 points.

Table 2 shows the main characteristics of the includ-

Isokinetic

Angular H/Q (%) H/Q (%)

Study N Age Sex Sport dynamometer velocity rightleg leftleg Mode
Blach 2021 25 21.02+£3.11 Female Judo Humac Norm  60°s-1 (52kg) 63+1 62+1.4 concentric
(63kg) 55+1.6 54+2
(70kg) 58+1.3 61+1.6
Drid 2009 20 19.6%26 Male Judo and Easy-Tech 60°s-1 (Jud) 47.8£10.8 45.9+9.1 concentric
20.8+2.8 Wrestling (W) 39.5+4.9 39.31+6
Drid 2011 15  22.86+2.8 Female Judo Easy-Tech 60°s-1 47.49+45 47.09+4.2  concentric
Jung2017 30 19.4+099 Male/ Taekwondo 770 Norm; 60°s-1 (M) 62.8+8.88 59.4+7.52  concentric
19.1+1.13 Female Cybex (F) 52.4+7.1 52.8+5.76
Kim 2015 12 18.9 Female Taekwondo 770 Norm; 60°s-1 (2004) 61.7+3.65 62.2+3.03  concentric
Cybex (2005) 63.1£13.89  66.5+£9.46
180°s-1 (2004) 69.9+6.45 64.1+5.21
(2005) 81.2+11.86  78.3£13.06
Kotrljanovi¢ 18  24.1+3.72 Male/ Karate Humac Norm 60°s-1 (M) 68.89+6.81 66.56+12.14 concentric
2016 21.25+2.76  Female (F) 66.56+9.44 71.22+4.68
180°s-1 (M) 74.8948.1 76.67+11.44
(F) 78.11£11.91 78.67+6.54
Lisowska 30 259469 Male Karate Biodex 60°s-1 (K) 58.63+9.13 54.75+6.9  concentric
2020 22.6+3.8 (Contr) 52.23+6.9  51.59+5.99
180°%s-1 (K) 58.95+8.94 59.38+5.94
(Contr) 55.66+6.15  53.28+7.77
Malovi¢ 25 2250+1.85 Male Judo Humac Norm  60°s-1 (S) 63.7749.2 66.4+£10.5  concentric
2020 18.33 £0.50 (J) 65.7£20.6 68+15.9
16.50 £0.53 (C)69.3+11.1 69.319.3
180°s-1 (S)77.1£14 74.3+12.4
(J) 72.7£18.5 77.6x£15
(C) 78.5£12.6 85.6+15.5
Polat 2018 18 24.27+3.18 Male  Wrestling  Isomed 2000  60°s-1 62.85+6.23 60.02+7.98  concentric
Radjo2011 20 24.8+3.29 Male Judo Biodex 60°s-1 (J-A) 55.67+10.9 55.88+7.2  concentric
20.95%3.25 (J-B) 44.88+9.15  46.97+10.74
Trajkovi¢ 30 21.25+2.76 Female Karate HumacNorm  60°s-1 (S)61.22+£22.33 71447 concentric
2018 16.87+£0.99 (J) 62.55+8.05 61.18+£9.69
15.00+0.81 (C) 70.1+£10.44 68.419.26

Note, (Wrest) - Wrestling; (Jud) - Judo; (2004) — season 2004; (2005) — season 2005; (F) — female; (M) - male; (Contr) - control; (K) - karate; (C) - cadet;

(J) - junior; (S) - senior; (J-A) - Judo A group; (J-B) - Judo B group
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ed studies. A total of 243 respondents participated in the
eleven included studies, and the sample size of the included
studies ranged from 12 to 30. The age of the respondents
ranged between 14 and 29 years. In a study by Blach et al.
(2021), we took results from three categories (up to 52 kg,
up to 63kg, and up to 70 kg) from seven categories of re-

spond.

Studies

Blach 2021 (52kg)
Blach 2021 (83kg)
Blach 2021 (70kg)
Drid 2011

Jung 2017 (F)

Kim 2015 (2004)
Kim 2015 (2005)
Kotrjanovic 2016 (F)
Trajkovic 2018 (C)
Trajkovic 2018 (J)
Trajkovic 2018 (5)
Subgroup Female

Drid 2009 (Judo)
Drid 2009 (Wrest)
Jung 2017 (M)
Kotrjanovic 2016 (M)
Lisowska 2020 (Contr)
Lisowska 2020 (K)
Malovic 2020 (C )
Malovic 2020 (J)
Malovic 2020 (S)
Palat 2018

Rado 2011 (J-A)
Radjo 2011 (J-B)
Subgroup Male

Overall
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Quatitative analysis

All eleven studies measured the H/Q 60°s-1 ratio. The
Mean H/Q 60°-s-1 ratio for the right leg was 58.33% (95% CI
= 55.67%, 60.98%, p<0.001) (Fig. 2). The Mean H/Q 60°s-1
ratio for the right leg for males and females was: Male 57.42%
(95% CI = 51.28%, 63.57%, p<0.001); Female 59.38% (95% CI
=56.19%, 62.58%, p<0.001) (Fig. 2).
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FIGURE 2. H/Q 60°s-1 Right leg Subgroup Gender: (52kg) — up to 52kg; (63kg) — up to 63kg; (70kg) — up to 70kg;
(Wrest) - wrestling; (2004) — season 2004; (2005) — season 2005; (F) — female; (M) — male; (Contr) - control; (K) - karate;
(C) - cadet; (J) — junior; (S) - senior; (J-A) - Judo A group; (J-B) — Judo B group.

The Mean H/Q 60°s-1 ratio for the left leg was 58.91%
(95% CI = 56%, 61.81%, p<0.001) (Fig. 3). The Mean H/Q
60°-s-1 ratio for the left leg for males and females was: Male

Studies

Blach 2021 (52kg)
Blach 2021 (63kg)
Blach 2021 (70kg)
Drid 2011

Jung 2017 (F)

Kim 2015 {2004)
Kim 2015 (2005)
Kotrljanovic 2016 (F)
Trajkovic 2018 (C)
Trajkovic 2018 (J)
Trajkovic 2018 (S)
Subgroup Female

Drid 2009 (Juda)
Drid 2009 (Wrest)
Jung 2017 (M)
Kotrljanovic 2016 (M)
Lisowska 2020 (Contr)
Lisowska 2020 (K)
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Malovic 2020 (J)
Malovic 2020 (S)
Polat 2018

Radjo 2011 (J-A)
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56.56% (95% CI = 51.63%, 61.49%, p<0.001); Female 61.35%
(95% CI = 57.58%, 65.12%, p<0.001) (Fig. 3).
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FIGURE 3. H/Q 60°s-1 Left leg Subgroup Gender: (52kg) - up to 52kg; (63kg) - up to 63kg; (70kg) — up to 70kg;
(Wrest) - wrestling; (2004) — season 2004; (2005) - season 2005; (F) — female; (M) — male; (Contr) - control; (K) - karate;
(C) - cadet; (J) - junior; (S) — senior; (J-A) — Judo A group; (J-B) — Judo B group.
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Four studies measured the H/Q 180°-s-1 ratio. The Mean
H/Q 180°s-1 ratio for the right leg was 71.44% (95% CI =
64.41%, 78.46%, p<0.001) (Fig. 4). The Mean H/Q 180°s-1

Studies Estimate (95% C.I.)

Kim 2015 (2004) 69.900 (65.430, 74.370)
Kim 2015 (2005) £1.200 (72.982, 89.418)
Kotrljanovic 2016 (F) 78.110 (70.329, R/5.8¢1)
Subgroup Female 75.756 (68.376, 83.136)
Kotrljanovic 2016 (M) 74.390 (69.598, 80.182)
Lisowska 2020 (Contr) 55.660 (52.548, 58.7172)
Lisowska 2020 (K] 08.950 (54.426, 63.474)
Malovic (C) 78.500 (69.769, 87.231)
Malovic 2020 (J) 72.700 (60.614, 84.786)
Malevic 2020 (S) 77.100 (67.399, 86.8C1)
Subgroup Male €9.039 (60.255, 77.823)
Qverall 71.435 (64.414, 78.455)

ratio for the right leg for males and females was: Male 69.04%
(95% CI = 60.26%, 77.82%, p<0.001); Female 75.76% (95% CI
= 68.38%, 83.14%, p<0.001) (Fig. 4).
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FIGURE 4. H/Q 180 Right leg Subgroup Gender: (2004) — season 2004; (2005) — season 2005; (F) - female; (M) - male;
(Contr) — control; (K) — karate; (C) - cadet; (J) — junior; (S) — senior.

The Mean H/Q 180°s-1 ratio for the left leg was 71.35%
(95% CI = 64.22%, 78.48%, p<0.001) (Fig. 5). The Mean H/Q
180°-s-1 ratio for the left leg for males and females was: Male
70.33% (95% CI = 61.12%, 79.54%, p<0.001); Female 73.39%
(95% CI = 62.32%, 84.47%, p<0.001) (Fig. 5). The results show

that there was no asymmetry, ie a statistically significant dif-
ference between the right and left leg, neither for the outcome
of H/Q 60°-s-1, nor for the outcome of H/Q 180°-s-1. Outcome
H/Q 60°s-1: (MD= 0.03; 95% CI=-1.04, 1.11, p=0.95); out-
come H/Q 180°s-1: (MD= 1.37; 95% CI=-1.21, 3.95, p=0.3).

Studies Eotimate {95% C.I.)

Kim 2015 (2004) 64,100 (60.490, &7.710) — B

Kim 2015 (2005) 78.300 (6S.250, 87.350) =
Kotrljanovic 2016 (F) 18.670 (14,394, 82.943) ——
Subgroup Female 73.392 (62.316, B84.468) —— T ————
Kotrljanovic 2016 (M) 76.670 (65.195, B84.144) ——
Lisowska 2020 (Contr) 53.2530 (4%.343, 57.212) ——

Lisowska 2020 (K) £9.300 (5€.374, 62.386) ——

Malovic 2020 (C ) 85.600 (74.859, $6.341) -
Malovic 2020 (J) 77.600 (67.800, 87.400) ]

Malovic 2020 (S) 74.300 (65.707, 82.893) -

Subgroup Male 70.328 (61.117, 79.5238) e
Overall 71.348 (64.221, 78.475) — e

FIGURE 5. H/Q 180 Left leg : (2004) — season 2004; (200.

5) — season 2005; (F) - female; (M) — male; (Contr) — control;

(K) — karate; (C) — cadet; (J) — junior; (S) - senior.

Discussion

The balance between the strength of the muscles of the
hamstrings and the quadriceps is an important factor in ath-
letes in combat sports. In this case, the balance of the men-
tioned agonists and antagonists is crucial for the stabiliza-
tion of the knee joint during dynamic muscle contractions
(DonTigny, 2005). Also important is the symmetry between
the opposite legs, whose shortcomings can lead to an in-
creased possibility of injury (Drid et al., 2009; Malovi¢ et al.,
2020). This systematic review aimed to, based on the results
of the included studies, arrive at average values of the conven-
tional H/Q ratio for angular velocities of 60°s-1 and 180°-s-1
and also to compare the values by gender. Also, based on the
obtained results, it was determined whether there is an asym-
metry between the left and right leg.

The Mean value of the conventional ratio for an angu-
lar velocity of 60°-s-1 for all included studies was 58.33% for
the right leg and 58.91% for the left leg (Fig. 2 and 3). From
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these results, it can be concluded that there is no asymmetry
between the left and right leg, and the analysis shows that
there is no statistically significant difference: (MD=0.03;
p=0.95). These values correspond to a recommended lim-
it of 60% (Klein & Allman, 1969; Kellis & Baltzopoulos,
1995). Women had higher H/Q 60°s-1 than men, 59.38%
vs. 57.42% for the right leg and 61.35% vs. 56.56% for the left
leg (Fig. 2 and 3). The Mean H/Q 180°s-1 for all included
studies was 71.44% for the right leg and 71.35% for the left
leg. Women had higher H/Q 180°s-1 than men, 75.76% vs.
69.04% for the right leg and 73.39% vs. 70.33% for the left leg
(Fig. 4 and 5). Even at this angular velocity, no asymmetry
was observed between the left and right leg, and the analy-
sis shows that there is no statistically significant difference:
(MD=1.37; p=0.3).

This is the only systematic review that analyzes the aver-
age values of the conventional ratio for angular velocities H/Q
60°-s-1 and H/Q 180°s-1, in these combat sports. An extensive
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systematic review was done by Baroni et al. (2018) including
studies that had football players for the respondents. The av-
erage value for angular velocities from 12°:s-1 to 180°s-1 was
about 60%, and for speeds from 240°s-1 to 360°s-1 was be-
tween 70% and 80%. Comparing the results with our study,
although we measured only angular velocities of 60°-s-1 and
180°s-1, we can say that the results are approximate. Aagaard
et al. (1998) reported karate athletes showed H/Q ratios great-
er than 60% at 60°s-1. Risberg et al. (2018) reach values of
57% -58% for handball players and 59% -60% for football
players. Baroni et al. (2018) recommend the use of an angular
velocity of 60°s-1 to examine the conventional H/Q ratio. Our
study also came to the result that the values of H/Q increase
with increasing angular velocity, as well as the study of Baroni
etal. (2018). We did not deal with the differences in the results
of the included studies here, but only with the obtained aver-
age values.

In combat sports, joint injuries mainly affect the knee (19-
28%). Injuries to the meniscus and ligament joints are a major
consequence of throwing, grasping, and maneuvering activi-
ties that often result in extreme joint positions that cause ex-
cessive stretching of muscles and ligaments (Hammani et al.,
2017). In judokas, 28% of injuries are knee injuries, in wres-
tlers 20.5% (Pocecco et al., 2013; Hammani et al., 2017), and
in taekwondo, the lower extremities are the most commonly
injured part of the body (32%) (Kazemi & Pieter, 2004), while
in karate, knee injuries are the most common (Kurland, 1980).
As a consequence of hyperextension of the leg during impact
and twisting or violent external rotation, the knee is prone to
acute injuries of the medial collateral ligament (MCL), anteri-
or cruciate ligament (ACL), meniscus, and patella. Although
the most common knee lesions, ACL and MCL injuries,
have been reported in all combat sports (Burke, 1981), me-
niscus injuries are most common in tackwondo (16%), judo
(24%), and karate (50%); and patellar instability is common
in wrestling (50%) (Nicolini et al., 2014). In general, there is
no significant difference between men and women in inju-
ries reported in combat sports, although some studies suggest
that female athletes have a much higher risk of ACL injuries
than men (Stevenson et al., 2000; Biene, 2011; Koshida et al.,
2010). With the increased participation of women in combat
sports competitions, similar injury rates and locations are
more prevalent in both men and women (Pocecco et al., 2013;
Hammani et al., 2017). Isokinetic exercise can significantly
improve results in certain sports fields and reduce the fre-
quency of injuries (Shelbourne & Gray, 1997; De Carlo et al.,
1999). Moreover, the power imbalance is one of the strongest
predictors of injury in highly competitive sports (Croisier et
al., 2008; Yeung et al., 2009). The use of isokinetic devices pro-
vides an effective tool for assessing power imbalances and ap-
plying isokinetic strength exercises. Isokinetic testing is valu-
able information about strength asymmetry between muscle
groups that may be a potential site for injury, but more im-
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portantly, for an injury prevention program (Drid et al., 2011;
Maly et al., 2017; Blach et al., 2021). Similarly, when the dif-
ference in strength between the right and left quadriceps and
hamstrings exceeds 10-15%, it is considered that there is an
asymmetry between the two sides (Elliott, 1978). According
to the Kannus study (1994) the risk of injury is high when
this difference exceeds 20%. The results we obtained in our
statistical analysis coincide with some recommended values
(Steindler, 1955; Klein & Allman, 1969; Kannus, 1994; Kellis
& Baltzopoulos, 1995), although Tengman et al. (2014), con-
clude that it is debatable how useful the value of H/Q, when
there are deficits in the quadriceps. Their results show that the
injured legs had higher H/Q values than the uninjured ones,
which according to them represents a deficit in the strength
of the quadriceps.

The results of our research indicate that the subjects from
the four included combat sports have values of H/Q 60°-s-1 and
H/Q 180°-s-1 within the recommended range and the pooled
results from our analysis showed that there is no asymmetry
between the left and right leg and that according to studies by
Elliott (1978) and Kannus (1994) athletes in combat sports do
not represent a risk group. We did not exclude outliers in our
analysis. If we did that, the results would confirm the recom-
mended values even more. This study had several limitations.
First, a relatively small number of studies had inclusive crite-
ria. Some studies that met the inclusive criteria measured the
values of the dominant and non-dominant leg, and could not
be included in the statistical processing. Second, all included
studies measured only two angular velocities of 60°s-1 and
180°-s-1. Third, our search included only studies written in
English. Future studies can compare H/Q peak torque ratio
values of combat sports with team sports and/or water sports,
and analyze the percentage occurrence of injuries by different
types of sports.

Conclusion
This study examined the H/Q peak torque ratio at two an-
gular velocities in athletes from four combat sports. The results
show that their values are within the recommended values,
and also show that there is no asymmetry between the thigh
muscles of the left and right leg. By analyzing the subgroups,
we came to the results by which we were able to compare the
values of H/Q according to gender. In both H/Q 60°s-1 an-
alyzes and H/Q 180°-s-1 analyzes, women had higher values
than men for both the right and left leg. This is the first sys-
tematic review examining the overall mean hamstring/quad-
riceps ratio for judo, karate, tackwondo and wrestling, which
also compares values by gender and compares left and right leg
values to determine asymmetry in the muscle strength of the
thighs. The study could raise awareness of the importance of
muscle symmetry which is focused on preventing injuries in
combat sports and improving performance through strength-
ening.
References
Aagaard, P, Simonsen, E. B., Magnusson, S. P, Larsson, B., & Dyhre-Poulsen,
P. (1998). A new concept for isokinetic hamstring: Quadriceps muscle
strength ratio. The American Journal of Sports Medicine, 26(2), 231-237.
https://doi.org/10.1177/03635465980260021201
Andrade, M. D. S, De Lira, C. A. B,, Koffes, F. D. C,, Mascarin, N. C., Benedito-
Silva, A. A., & Da Silva, A. C. (2012). Isokinetic hamstrings-to-quadriceps
peak torque ratio: The influence of sport modality, gender, and angular

velocity. Journal of Sports Sciences, 30(6), 547-553.
Baroni, B. M., Ruas, C. V., Ribeiro-Alvares, J. B., & Pinto, R. S. (2020). Hamstring-

135



HAMSTRINGS-TO-QUADRICEPS RATIO | B. RASKOVIC ET AL.

to-Quadriceps Torque Ratios of Professional Male Soccer Players: A
Systematic Review. Journal of Strength and Conditioning Research, 34(1),
281-293. https://doi.org/10.1519/J5C.0000000000002609

Bien, D. P. (2011). Rationale and implementation of anterior cruciate
ligament injury prevention warm-up programs in female athletes.
Journal of Strength and Conditioning Research, 25(1), 271-285. https://
doi.org/10.1519/JSC.0b013e3181fb4a5a

Blach, W., Drapsin, M., Lakicevic, N., Bianco, A., Gavrilovic, T., Roklicer, R,, ..., &
Kostrzewa, M. (2021). Isokinetic Profile of Elite Serbian Female Judoists.
International Journal of Environmental Research and Public Health,
18(13), Article 13. https://doi.org/10.3390/ijerph18136988

Burke, D. R. (1981). Treating Martial Arts Injuries. United States, Ohara
Publications.

Charnley, J. (1955). Kinesiology of the Human Body under normal and
pathological conditions. By Arthur Steindler, M.D., Hon. F.R.C.S. (Eng.),
F.A.C.S. Index. 1955. Springdfield, Illinois: Charles C. Thomas, Publisher.
Oxford: Blackwell Scientific Publications. Price A£7, 2s. 6d. The Journal
of Bone and Joint Surgery. British Volume, 37-B(4), 736-737. https://doi.
0rg/10.1302/0301-620X.37B4.736.

Gimen Polat, S., Bulgay, C., Yarim, i., Cicioglu, H. i, & Cetin, E. (2018). Analysis
of the Relationship between Elite Wrestlers’ Leg Strength and Balance
Performance, and Injury History. Sports, 6(2), Article 2. https://doi.
org/10.3390/sports6020035

Cools, A. M., Geerooms, E., Van den Berghe, D. F. M., Cambier, D. C, &
Witvrouw, E. E. (2007). Isokinetic Scapular Muscle Performance in Young
Elite Gymnasts. Journal of Athletic Training, 42(4), 458-463.

Croisier, J.-L., Ganteaume, S., Binet, J., Genty, M., & Ferret, J.-M. (2008). Strength
imbalances and prevention of hamstring injury in professional soccer
players: A prospective study. The American Journal of Sports Medicine,
36(8), 1469-1475. https://doi.org/10.1177/0363546508316764

De Carlo, M., Shelbourne, K. D., & Oneacre, K. (1999). Rehabilitation program
for both knees when the contralateral autogenous patellar tendon graft
is used for primary anterior cruciate ligament reconstruction: A case
study. The Journal of Orthopaedic and Sports Physical Therapy, 29(3), 144-
153; discussion 154-159. https://doi.org/10.2519/jospt.1999.29.3.144

DonTigny, R. L. (2005). Critical Analysis of the Functional Dynamics
of the Sacroiliac Joints as they Pertain to Normal Gait. Journal of
Orthopaedic Medicine, 27(1), 3-10. https://doi.org/10.1080/135529
7X.2005.11736245

Drid, P, & Dokmanac, M. (2007) Utjecaj bazi¢nog trenaznog programa na
snagu hrvaca juniorskog i seniorskog uzrasta [Effects of basic training
program of junior and senior wrestlers on strength]. In: I. Jukic,
D.Milanovi¢, S.Simek (eds.) 5. godisnja medunarodna konferencija:
Kondicijska priprema sportasa pp. 331-335. Kinezioloski fakultet
Sveucilista u Zagrebu i Udruga kondicijskih trenera Hrvatske.

Drid, P, Drapsin, M., Trivic, T., Luka¢, D., Obadoy, S., & Milosevic, Z. (2009).
Asymmetry of muscle strength in elite athletes. Biomedical Human
Kinetics, 1(1), 3-5. https://doi.org/10.2478/v10101-009-0002-1

Drid, P, Ostojic, S., Vujkov, S., Purkovic, S., Trivic, T., & Stojanovic, M. (2011).
Physiological adaptations of a specific muscle-imbalance reduction
training programme in elite female judokas. Archives of Budo, 7(2).
https://archbudo.com/view/abstracts/issue_id/10612

Elliott, J. (1978). Assessing muscle strength isokinetically. JAMA, 240(22),
2408-10. https://doi.org/10.1001/jama.240.22.2408

Franchini, E., Takito, M. Y., Kiss, A., & Sterkowicz, S. (2005). Physical fitness and
anthropometric differences between elite and nonelite judo players.
Biology of Sport, 22,315-328.

Heiser, T. M., Weber, J., Sullivan, G,, Clare, P, & Jacobs, R. R. (1984). Prophylaxis
and management of hamstring muscle injuries in intercollegiate
football players. The American Journal of Sports Medicine, 12(5), 368-
370. https://doi.org/10.1177/036354658401200506

Hewett, T. E., Myer, G. D., & Zazulak, B. T. (2008). Hamstrings to quadriceps
peak torque ratios diverge between sexes with increasing isokinetic
angular velocity. Journal of Science and Medicine in Sport, 11(5), 452-
459. https://doi.org/10.1016/j.jsams.2007.04.009

Higgins, J. P, Thomas, J., Chandler, J., Cumpston, M., Li, T, Page, M. J., &
Welch, V. A. (Eds.). (2019). Cochrane handbook for systematic reviews of
interventions. Chichester (UK): John Wiley & Sons.

Hislop, H. J., & Perrine, J. J. (1967). The isokinetic concept of exercise. Physical
Therapy, 47(2), 114-117.

Jung, H. C, Lee, S, Seo, M. W,, & Song, J. K. (2017). Isokinetic assessment
of agonist and antagonist strength ratios in collegiate taekwondo
athletes: A preliminary study. Sport Sciences for Health, 13, 175-181.

Kannus, P.(1994).Isokineticevaluation of muscular performance:Implications
for muscle testing and rehabilitation. International Journal of Sports
Medicine, 15 Suppl 1, S11-18. https://doi.org/10.1055/5-2007-1021104

Kazemi, M., & Pieter, W. (2004). Injuries at a Canadian National Taekwondo
Championships: A prospective study. BMC Musculoskeletal Disorders,

136

5(1), 22. https://doi.org/10.1186/1471-2474-5-22

Kellis, E., & Baltzopoulos, V. (1995). Isokinetic eccentric exercise.
Sports  Medicine (Auckland, N.Z), 19(3), 202-222. https://doi.
0rg/10.2165/00007256-199519030-00005

Kim, H.-B., Jung, H.-C,, Song, J.-K., Chai, J.-H., & Lee, E.-J. (2015). A follow-
up study on the physique, body composition, physical fitness, and
isokinetic strength of female collegiate Taeckwondo athletes. Journal
of Exercise Rehabilitation, 11(1), 57-64. https://doi.org/10.12965/
jer.150186

Klein, K. K. (1969). The knee in sports: Conditioning, injury prevention,
rehabilitation and studies related to the knee. Karl K. Klein, Fred L. Allman,
London (UK): Jr. Pemberton Press.

Knapik, J. J., Bauman, C. L., Jones, B. H., Harris, J. M., & Vaughan, L. (1991).
Preseason strength and flexibility imbalances associated with athletic
injuries in female collegiate athletes. The American Journal of Sports
Medicine, 19(1), 76-81. https://doi.org/10.1177/036354659101900113

Kong, P. W., & Burns, S. F. (2010). Bilateral difference in hamstrings to
quadriceps ratio in healthy males and females. Physical Therapy in Sport:
Official Journal of the Association of Chartered Physiotherapists in Sports
Medicine, 11(1), 12-17. https://doi.org/10.1016/j.ptsp.2009.09.004

Koshida, S., Deguchi, T.,, Miyashita, K., Iwai, K, & Urabe, Y. (2010). The
common mechanisms of anterior cruciate ligament injuries in judo: A
retrospective analysis. British Journal of Sports Medicine, 44(12), 856~
861. https://doi.org/10.1136/bjsm.2008.051425

Kotrljanovic, A., Atanasov, D., Veljovic, D., & Drid, P. (2016). An isokinetic
profile in senior female and male karate athletes. Archives of Budo
Science of Martial Arts and Extreme Sports, 12(0). http://smaes.archbudo.
com/view/abstracts/issue_id/11420

Kraemer W.J. (2002). Periodized training programmes for athletes. In:
W.H.Kraemer, K.Hakkinen (eds.) Strength Training for Sport. Blackwell
Science, Oxford, pp. 101 - 108.

Kurland, H. L. (1980). Injuries in Karate. The Physician and Sportsmedicine,
8(10), 80-85. https://doi.org/10.1080/00913847.1980.11948652

Lisowska, A. M., Murawa, M., & Ogurkowska, M. (2020). Isokinetic assessment
of knee joint muscles in shotokan karate kata athletes. Age (y), 25(6.9),
22-6.

Magalhaes, J., Oliveira, J.,, Ascensdo, A., & Soares, J. (2004). Concentric
quadriceps and hamstrings isokinetic strength in volleyball and soccer
players. The Journal of Sports Medicine and Physical Fitness, 44, 119-125.

Malovic, P, Bijelica, D., Atanasov, D., Trivic, T., Drapsin, M., Trajkovic, N.,
Maksimovic, N., & Drid, P. (2020). Knee strength ratios in male judokas:
Age-related differences. Archives of Budo, 16(0). https://archbudo.com/
view/abstracts/issue_id/13076

Maly, T, Mala, L., Zahalka, F, Hank, M., & Simkova, M. (2017). Muscular
strength of knee extensors and flexors and bilateral and ipsilateral ratio
in elite male kickboxers. Archives of Budo, 13(0). https://archbudo.com/
view/abstracts/issue_id/11317

Markovi¢, G. & Vuceti¢, V. (2008). Heart rate and lactate responses to
taekwondo fight in elite women performers. Biology of Sport, 25(2),
135-146.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & PRISMA Group. (2009).
Preferred reporting items for systematic reviews and meta-analyses:
The PRISMA statement. PLoS Medicine, 6(7), e1000097. https://doi.
org/10.1371/journal.pmed.1000097

Mori, S., Ohtani, Y., & Imanaka, K. (2002). Reaction times and anticipatory
skills of karate athletes. Human Movement Science, 21(2), 213-230.
https://doi.org/10.1016/s0167-9457(02)00103-3

Nicolini, A. P, de Carvalho, R. T,, Matsuda, M. M., Sayum, J. F,, & Cohen, M.
(2014). Common injuries in athletes’ knee: Experience of a specialized
center. Acta Ortopedica Brasileira, 22(3), 127-131. https://doi.
0rg/10.1590/1413-78522014220300475

Noffal, G. J. (2003). Isokinetic eccentric-to-concentric strength ratios of the
shoulder rotator muscles in throwers and nonthrowers. The American
Journal of Sports Medicine, 31(4), 537-541. https://doi.org/10.1177/036
35465030310041001

Pocecco, E., Ruedl, G, Stankovic, N., Sterkowicz, S., Del Vecchio, F. B,
Gutiérrez-Garcia, C., ... & Burtscher, M. (2013). Injuries in judo: A
systematic literature review including suggestions for prevention.
British Journal of Sports Medicine, 47(18), 1139-1143. https://doi.
org/10.1136/bjsports-2013-092886

Probst, M. M., Fletcher, R., & Seelig, D. S. (2007). A comparison of lower-body
flexibility, strength, and knee stability between karate athletes and
active controls. Journal of Strength and Conditioning Research, 21(2),
451-455. https://doi.org/10.1519/R-19125.1

Radjo, I, Meki¢, A., Drapsin, M., Trivic, T., Kajmovic, H., & Drid, P. (2011).
Isokinetic strength profile of shoulder rotators and thigh muscle
torques in elite judokas and soccer players. Technics Technologies
Education Management, Volime 6, 631-635.

Sport Mont 21 (2023) 2



Risberg, M. A., Steffen, K. Nilstad, A., Myklebust, G., Kristianslund, E.,
Moltubakk, M. M., & Krosshaug, T. (2018). Normative Quadriceps and
Hamstring Muscle Strength Values for Female, Healthy, Elite Handball
and Football Players. Journal of Strength and Conditioning Research,
32(8), 2314-2323. https://doi.org/10.1519/JSC.0000000000002579

Rosene, J. M. Fogarty, T. D., & Mahaffey, B. L. (2001). Isokinetic
Hamstrings:Quadriceps Ratios in Intercollegiate Athletes. Journal of
Athletic Training, 36(4), 378-383.

Scoville, C. R., Arciero, R. A, Taylor, D. C., & Stoneman, P. D. (1997). End
range eccentric antagonist/concentric agonist strength ratios: A
new perspective in shoulder strength assessment. The Journal of
Orthopaedic and Sports Physical Therapy, 25(3), 203-207. https://doi.
0rg/10.2519/jospt.1997.25.3.203

Shelbourne, K. D, & Gray, T. (1997). Anterior cruciate ligament
reconstruction with autogenous patellar tendon graft followed
by accelerated rehabilitation. A two- to nine-year followup. The
American Journal of Sports Medicine, 25(6), 786-795. https://doi.
org/10.1177/036354659702500610

Serensen, H., Zacho, M., Simonsen, E. B., Dyhre-Poulsen, P, & Klausen, K.
(1996). Dynamics of the martial arts high front kick. Journal of Sports
Sciences, 14(6), 483-495. https://doi.org/10.1080/02640419608727735

Slim, K., Nini, E., Forestier, D., Kwiatkowski, F., Panis, Y., & Chipponi, J.
(2003). Methodological index for non-randomized studies (minors):
Developmentand validation ofanewinstrument. ANZ Journal of Surgery,
73(9), 712-716. https://doi.org/10.1046/j.1445-2197.2003.02748 x

Struzik, A., & Pietraszewski, B. (2015). Lower limb torque asymmetry in judo
competitors evaluated in isokinetic conditions. Medicina Dello Sport;
Rivista di Fisiopatologia Dello Sport, 68(4):639-650

Stevenson, M. R., Hamer, P, Finch, C. F, Elliot, B., & Kresnow, M. (2000).
Sport, age, and sex specific incidence of sports injuries in Western

Sport Mont 21 (2023) 2

HAMSTRINGS-TO-QUADRICEPS RATIO | B. RASKOVIC ET AL.

Australia. British Journal of Sports Medicine, 34(3), 188-194. https://doi.
org/10.1136/bjsm.34.3.188

Tengman, E., Brax Olofsson, L., Stensdotter, A. K., Nilsson, K. G., & Hager, C.
K. (2014). Anterior cruciate ligament injury after more than 20 years. Il.
Concentric and eccentric knee muscle strength. Scandinavian Journal
of Medicine & Science in Sports, 24(6), e501-509. https://doi.org/10.1111/
sms.12215

Thomas, S. G, Cox, M. H., LeGal, Y. M,, Verde, T. J., & Smith, H. K. (1989).
Physiological profiles of the Canadian National Judo Team. Canadian
Journal of Sport Sciences = Journal Canadien Des Sciences Du Sport, 14(3),
142-147.

Trajkovi¢, N., Madi¢, D., Maksimovi¢, N., Milo3evi¢, Z., Obradovic, B., Trivi¢,
T., Drapsin, M., & Drid, P. (2019). Knee and shoulder strength ratios
in female karate athletes: Age-related differences. Medicina Dello
Sport; Rivista di Fisiopatologia Dello Sport, 72(2):191-199. https://doi.
0rg/10.23736/50025-7826.19.03354-4

U gur, M; Can, S.; Senel, K. (1999). The Effect of THE Muscle Power and
the Hand Preference on Injuries in Various Sport Branches. Atattirk
Universitesi Beden E“gitimi ve Spor Bilimleri Dergisi, 1, 1-4.

Wallace, B. C., Schmid, C. H,, Lau, J., & Trikalinos, T. A. (2009). Meta-Analyst:
Software for meta-analysis of binary, continuous and diagnostic
data. BMC Medical Research Methodology, 9(1), 80. https://doi.
org/10.1186/1471-2288-9-80

Weiss, K., &Whatman, C.(2015). Biomechanics Associated with Patellofemoral
Pain and ACL Injuries in Sports. Sports Medicine (Auckland, N.Z.), 45(9),
1325-1337. https://doi.org/10.1007/s40279-015-0353-4

Yeung, S. S., Suen, A. M. Y., & Yeung, E. W. (2009). A prospective cohort
study of hamstring injuries in competitive sprinters: Preseason muscle
imbalance as a possible risk factor. British Journal of Sports Medicine,
43(8), 589-594. https://doi.org/10.1136/bjsm.2008.056283

137



