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Introduction
Judo is classified as a contact or combat sport. Seven weight cate-
gories (under 60, 66, 73, 81, 90, 100, and over 100 kg) and/or the 
open-weight category is used in the current judo competitive reg-
ulation. In judokas, some researchers investigated muscle strength 
under various conditions across various regions (e. g., trunk, arm, 

knee, neck and shoulder) [1]. It has been shown that trunk muscle 
strength (TMS) is an essential element of judo, and more impor-
tantly, if TMS is weak in one area, imbalance may occur and the risk 
of injury increases [2].

In judo, it has also been reported that TMS is very important for 
athletic performance [2, 3]. There is a strong possibility that the 
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Abstr act

Trunk muscle strength (TMS), especially rotator, is an important 
factor for both athletic performance and injury risks in judokas. 
However, the characteristics of TMS that depend on weight 
categories are still unclear. Although inadequate TMS might 
cause low back pain (LBP), the relationship between these two 
variables is not fully understood. In this study, weight category-
dependent TMS and its relationship with LBP was investigated 
in Japanese judokas. The subjects were 66 male collegiate ju-
dokas, who were classified into the lightweight (N = 14), mid-
dleweight (N = 29) or heavyweight (N = 23) category. The peak 
torques of extensor, flexor and rotator muscles were measured. 
The LBP group and non-LBP group were defined by question-
naire. TMS (normalized by body weight) in the heavier weight 
category showed a lower tendency in comparison with other 
categories, except for rotator strength. Significant differences 
were observed in the extensors (90 and 120 °/s; P < 0.05) and 
flexors (60, 90 and 120 °/s; P < 0.05). The LBP group (N = 9) only 
showed significantly lower extensor (60 °/s; P < 0.05) and right-
rotator (60 °/s; P < 0.01) strength in the heavyweight category 
compared with the non-LBP group (N = 14). The relative TMS 
of judokas decreased in the heavyweight category, except for 
trunk rotator strength. Notably, low trunk extensor and rotator 
strengths are risk factors for LBP in heavyweight judokas.
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characteristics of one’s TMS depend on his weight category be-
cause of the different loads on the lumbar region. However, no 
study has ever investigated the relationships between weight cat-
egories and TMS in judokas. For judo in particular, techniques in-
volving trunk rotation and accentuated hip and knee flexion (e. g., 
seoi-nage) are more physically demanding than frontal attacks [4]. 
Also, judokas engage their trunk rotator strength to keep their pos-
ture stable for defense against their opponent’s attack. However, 
there is no study investigating trunk rotator strength in judokas. 
The primary aim of this study is to investigate variations in TMS 
(flexion, extension, and rotation) in judokas across different weight 
categories.

Low back pain (LBP) is a frequent injury among athletes [5, 6], 
especially in judokas, wherein LBP has been reported to occur in 
9.1–62.4 % [7]. We reported that ongoing LBP and anamnesis oc-
curred in 35.7 and 64.3 % of collegiate judokas, respectively [8]. 
There is no significant difference in the incidence of LBP by weight 
between the lightweight (34.5 %), middleweight (32.3 %), and 
heavyweight (40.9 %) category. Since such high incidences of LBP 
have been found among different types of athletes, it is very im-
portant that athletes and their coaches work toward its prevention. 
Although the pathogenesis of LBP is very complicated, the weak-
ness of TMS is strongly implicated in contributing to LBP [9–13], 
but the relationship between these two variables remains an unre-
solved issue. Previous studies on ordinary people confirmed that 
those with LBP had lower TMS (extensor, flexor, and/or rotator) than 
those without LBP [14–16], but other studies did not draw the same 
conclusions [17, 18]. In collegiate wrestlers, low TMS of the exten-
sor muscles correlated to the functional disability level of LBP 
[19, 20]. However, in judokas, there is no study regarding the rela-
tionship between LBP and TMS. Thus, the second aim of this study 
is to investigate the relationship between TMS and LBP in judokas.

We have already reported that LBP in the middle- and heavy-
weight categories tended to accompany lumbar radiological ab-
normalities; conversely, about half of the LBP cases (50 %) in the 
lightweight category were not accompanied by any lumbar radio-
logical abnormalities [8], suggesting that body weight clearly had 
a mechanical impact on the lumbar region in judokas. In other 
words, stronger TMS is needed for heavyweight judokas. However, 
relative TMS normalized by body weight should be lower in heavy-
weight judokas because of their high body weight. Thus, we hy-
pothesized that judokas in the heavyweight category show higher 
absolute TMS, but lower relative TMS normalized by body weight. 
Because of larger impact on the lumbar region for judokas in the 
heavyweight category, we also hypothesized the relationship be-
tween LBP and low TMS to be more evident in the heavyweight cat-
egory.

Material and Methods

Subjects
Approval was obtained from the university’s ethics committee and 
the study meets the ethical standards of this journal [21]. All the 
subjects gave written informed consent before participating. We 
informed all the subjects and their coaches of the purpose and po-

tential risks of this study. The subjects were 66 male collegiate ju-
dokas. In this study, we classified judokas into three weight cate-
gories as follows; the lightweight category (under 60, 66 kg, 
N = 14), the middleweight category (under 73, 81 kg, N = 29), and 
the heavyweight category (under 90, 100, over100 kg, N = 23). The 
characteristics of the subjects are shown in ▶Table 1. All the sub-
jects participated in judo practice for a total of 3 hours a day, with 
sessions happening twice a day, 6 days a week.

Measurement of TMS
TMS was measured isokinetically using the Biodex System3 with 
the back attachment and the torso rotation attachment (Biodex 
Medical Systems, Inc., Shirley, NY, USA). The peak torques of trunk 
extensor (PTEX), flexor (RTFX), left-rotator (PTLR), and right-rota-
tor (PTRR) muscles were measured at angular velocities of 60, 90, 
and 120 °/s. Two preliminary movements as practice were done be-
fore each measurement. Reciprocal movements such as extension-
flexion and left rotation-right rotation were done 3 times for each 
velocity being tested, and 60-second rest intervals were taken in 
between each velocity being tested. We employed TMS parame-
ters such that the best value was normalized by dividing the sub-
ject’s body weight with the PTEX, PTFX, PTLR, and the PTRR, re-
spectively. Moreover, we calculated the extensor/flexor ratio (EX/
FX) and the left-rotator/right-rotator ratio (LR/RR). For measure-
ment of the extension-flexion cycle of the trunk, the subjects were 
placed in a semi-standing posture with their knees flexed at 15 °. 
Trunk extension and flexion movements were performed along the 
frontal-horizontal axis that passed at the level of L5–S1. The range 
of motion of the movement was set at 90 °. The chest, axillae, and 
dorsal surface of sacrum were fixed with straps and pads. For meas-
urement of the left-right rotation cycle of the trunk, the subjects 
were placed in a sitting posture with their feet free above the floor. 
Trunk left-rotator and right-rotator movements were performed 
along the vertical axis that passed at the centriciput. The range of 
motion of the movement was set at 90 °. The chest, axillae, bilat-
eral surface of pelvis, and thighs were fixed with straps and pads.

Evaluation of LBP
The presence of LBP was evaluated by using the questionnaire test 
developed by Osaka City University (the OCU test) modified by 
Kuroki and Tajima [22]. The OCU test consisted of 10 questions 
about LBP-related activities of daily living: lying face up with an ex-
tended leg, rising from the bed in the morning, washing of the face 
in the morning, donning and removing trousers and socks while 
standing, using a Japanese-style toilet, sitting on a chair, standing, 
walking, going up and down the stairs, and lifting or holding heavy 
objects. The subjects graded each question according to the fol-
lowing criteria: possible without pain (0 points), possible with pain 
(1 point), impossible (2 points). Based on the test, we grouped the 
judokas into the non-LBP group and the LBP group when they 
scored 0 points and 1 or more points, respectively. In all the sub-
jects, the non-LBP group and the LBP group had 43 and 23 subjects, 
respectively. In the lightweight category, there were 9 and 5 sub-
jects, respectively. In the middleweight category, there were 20 
and 9 subjects, respectively. Lastly, in the heavyweight category, 
there were 14 and 9 subjects, respectively.
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Statistics
We compared the parameters of TMS (N·m and N·m/kg) between 
3 weight categories. A one-way analysis of variance (ANOVA) fol-
lowed by a Bonferroni–Dunn post hoc test was used for statistical 
evaluation. We also compared the parameters of TMS (N·m/kg) be-
tween the non-LBP group and the LBP group within weight catego-
ries. Student’s t-test was used for statistical evaluation. The level 
of significance was set at 5 %. All analyses were performed using 
IBM SPSS Statistics, version 25 (IBM Corp. Armonk, NY, USA). All ex-
perimental designs are shown in ▶Fig. 1.

Results

Comparison of the physical characteristics among 
different weight categories
We first compared physical characteristics among different weight 
categories (▶Table 1). There were significant differences in height, 
weight, and BMI, as expected. The heavyweight category showed 
significantly higher values than those of lighter weight categories.

Comparison of TMS among different weight 
categories
We have hypothesized that high absolute TMS would be observed 
in heavyweight judokas. The comparison of TMS among different 
weight categories is shown in ▶Table 2. As expected, absolute val-
ues of TMS were significantly higher in the heavyweight category 
than in lighter weight categories.

In the heavyweight category, relative flexion/extension TMS was 
significantly lower compared to the other two categories; namely, these 
low values were found for PTEX 90 °/s (p  <  0.05) and 120 °/s (p  <  0.05), 
and in PTFX 60 °/s (p  <  0.005), 90 °/s (p  <  0.01) and 120 °/s (p  <  0.001). 
Unexpectedly, significant differences were not observed in the relative 
rotator TMS.

Comparison of TMS with regard to LBP
We then investigated the physical characteristics of all subjects, 
both in the non-LBP and the LBP groups. As shown in ▶Table 3, 
there are no significant differences of physical characteristics be-
tween the non-LBP and LBP groups regardless of weight catego-
ries.

▶Table 1	 Physical characteristics of 66 male collegiate judokas.

All subjects (N = 66) Lightweight (N = 14) Middleweight (N = 29) Heavyweight (N = 23)

Age (years) 20.2 ± 0.9 20.1 ± 0.9 19.9 ± 0.8 20.6 ± 0.9

Height (cm) 172.7 ± 6.3 166.7 ± 4.6 172.9 ± 5.3 176.2 ± 5.7

Weight (kg) 84.3 ± 17.3 66.0 ± 4.3 78.6 ± 4.8 102.6 ± 15.5

BMI (kg/m2) 28.1 ± 4.7 23.7 ± 1.0 26.4 ± 2.0 33.0 ± 4.3

Judo history (years) 10.9 ± 3.0 10.6 ± 3.3 10.4 ± 2.8 11.7 ± 3.1

Data are presented as mean  ±  SD. Lightweight, under 60 kg and 66 kg judokas. Middleweight, under 73 kg and 81 kg judokas. Heavyweight, under 
90, 100, and over 100 kg judokas.

All subjects

male collegiate judokas

(N = 66)

The questionnaire test of LBP

Lightweight

(N = 14)

Middleweight

(N = 29)

Heavyweight

(N = 23)

Comparison of TMS between the three weight categories 

Non-LBP

(N = 43)

LBP

(N = 23)

Lightweight

Non-LBP LBP

(N = 9) (N = 5)

Middleweight

Non-LBP LBP

(N = 20) (N = 9)

Comparison of TMS between with and without LBP in the three weight categories 

Heavyweight

Non-LBP LBP

(N = 14) (N = 9)

Comparison of TMS between with and without LBP

▶Fig. 1	 Experimental designs comparing trunk muscle strength (TMS).
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We hypothesized that low TMS in judokas with LBP should be ob-
served especially in those with heavy weight. At the beginning, we 
compared all judokas with and without LBP (▶Table 4). There was 
no statistical difference between the non-LBP and LBP groups across 
all subjects. Since we suspected that the relation between LBP and 
TMS would be highlighted depending on weight category, we fur-
ther divided judokas into three weight categories (▶Table 5). As ex-
pected, in the heavyweight category, both the PTEX and PTRR at 
60 °/s of the LBP group were significantly lower than that of the non-
LBP group (P < 0.05, and P < 0.01, respectively; ▶Table 5).

Discussion
The present study is the first trial to evaluate the relationship be-
tween judokas’ TMS including rotator strength. We hypothesized 
that judokas with heavier body weight possess higher absolute 

TMS, but lower relative TMS. As expected, relative extensor/flexor 
TMS showed higher values for those in a lighter weight category 
than those in a heavier weight category. On the contrary, the same 
tendency was not observed in the rotator TMS. Regarding the re-
lations between TMS and LBP, significant associations between TMS 
and LBP were observed only in the heavyweight category, as ex-
pected.

Low relative TMS of judokas in the heavyweight 
category was observed only in flexor/extensor 
strength
The characteristics of weight-dependent TMS have not been pre-
viously reported. We found higher absolute TMS in the heavyweight 
category compared to those in the other two weight categories. 
On the other hand, we found that the relative TMS in the heavy-
weight category was lower in the flexor/extensor muscles. It was 

▶Table 2	 Comparison of peak torques of trunk muscles among weight categories. Values inside the parentheses show relative TMS normalized by body 
weight.

Variables Lightweight (N = 14) Middleweight (N = 29) Heavyweight (N = 23)

Extensor(N·m) (N·m/kg)

60 °/s 447.4 ± 106.3 (6.7 ± 1.3) 508.8 ± 75.6 (6.5 ± 1.0) 609.5 ± 92.7 (6.0 ± 0.7)

90 °/s 439.3 ± 83.1 *  (6.6 ± 1.0) 496.5 ± 58.7 (6.3 ± 0.8) 597.8 ± 95.8 *  (5.8 ± 0.7)

120 °/s 421.9 ± 81.6 *  (6.4 ± 1.0) 481.2 ± 68.9 (6.1 ± 0.8) 575.8 ± 107.4 *  (5.6 ± 0.8)

Flexor(N·m) (N·m/kg)

60 °/s 215.9 ± 57.3 (3.3 ± 0.7) 270.2 ± 47.8 *  *  (3.4 ± 0.6) 290.7 ± 75.4 *  *  (2.8 ± 0.5)

90 °/s 199.5 ± 48.6 (3.0 ± 0.7) 252.0 ± 41.1 *  (3.2 ± 0.5) 277.3 ± 68.5 *  (2.7 ± 0.6)

120 °/s 182.9 ± 48.0 (2.8 ± 0.7) 226.6 ± 36.4 *  *  (2.9 ± 0.4) 239.9 ± 55.2 *  *  (2.4 ± 0.5)

Left-rotator(N·m) (N·m/kg)

60 °/s 150.8 ± 18.5 (2.4 ± 0.3) 177.9 ± 23.1 (2.4 ± 0.3) 218.1 ± 34.6 (2.1 ± 0.2)

90 °/s 148.5 ± 22.8 (2.3 ± 0.2) 173.8 ± 23.7 (2.2 ± 0.3) 212.5 ± 33.7 (2.1 ± 0.3)

120 °/s 144.8 ± 19.6 (2.2 ± 0.2) 170.3 ± 19.8 (2.2 ± 0.2) 206.3 ± 32.1 (2.0 ± 0.3)

Right-rotator(N·m) (N·m/kg)

60 °/s 156.0 ± 23.4 (2.3 ± 0.2) 187.4 ± 21.6 (2.3 ± 0.3) 231.5 ± 38.2 (2.3 ± 0.3)

90 °/s 151.3 ± 23.5 (2.2 ± 0.2) 173.5 ± 19.7 (2.2 ± 0.3) 218.0 ± 33.6 (2.1 ± 0.3)

120 °/s 143.5 ± 22.8 (2.2 ± 0.2) 170.0 ± 20.1 (2.2 ± 0.2) 209.3 ± 30.4 (2.1 ± 0.3)

Data are presented as mean ± SD. Significance was shown for relative values because the absolute values of TMS were significantly higher in the 
heavyweight category than those in lighter weight categories.  * : Statistically different by ANOVA followed by Bonferroni–Dunn post hoc test 
(P < 0.05).  *  * : Statistically different by ANOVA followed by Bonferroni–Dunn post hoc test (P < 0.01).

▶Table 3	 Physical characteristics of the non-LBP group and the LBP group across all subjects in the three weight categories.

All subjects Lightweight Middleweight Heavyweight

Variables Non-LBP 
(N = 43)

LBP 
(N = 23)

Non-LBP 
(N = 9)

LBP  
(N = 5)

Non-LBP 
(N = 20)

LBP  
(N = 9)

Non-LBP 
(N = 14)

LBP  
(N = 9)

Age (years) 20.2 ± 0.9 20.2 ± 0.9 20.2 ± 1.0 20.0 ± 1.0 20.0 ± 0.9 19.9 ± 0.6 20.6 ± 0.8 20.6 ± 1.0

Height (cm) 172.6 ± 5.2 172.9 ± 8.1 168.3 ± 3.3 163.8 ± 5.4 172.1 ± 4.5 174.5 ± 6.8 176.0 ± 4.9 176.4 ± 7.0

Weight (kg) 83.2 ± 15.1 86.4 ± 21.1 67.5 ± 3.7 63.3 ± 4.4 78.8 ± 5.0 78.2 ± 4.7 99.4 ± 14.3 107.6 ± 16.7

BMI (kg/m2) 27.8 ± 4.1 28.7 ± 5.7 23.8 ± 1.0 23.6 ± 1.0 26.6 ± 1.9 25.7 ± 2.0 32.0 ± 4.0 34.5 ± 4.7

Judo history 
(years)

11.1 ± 2.8 10.6 ± 3.5 11.4 ± 2.8 9.0 ± 4.0 10.7 ± 2.9 10.0 ± 2.6 11.5 ± 2.7 12.0 ± 3.8

Data are presented as mean ± SD. LBP, low back pain. Lightweight, under 60 kg and 66 kg judokas. Middleweight, under 73 kg and 81 kg judokas. 
Heavyweight, under 90, 100, and over 100 kg judokas.
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reported during a judokas’ handgrip strength test that those in a 
heavier weight category had a lower relative muscle strength than 
those in a lighter category [23], suggesting that relative muscular 
strength is low in heavyweight judokas. We now suspect that this 
is because their body weight may be too heavy for their TMS.

To our knowledge, this is the first study to investigate rotator 
TMS in judokas. In the first trial, we found that relative rotator TMS 
of the heavyweight category was not significantly different from 
that of the other two categories. The tendency is clearly different 
with flexor/extensor TMS strength. As mentioned in the introduc-
tion, the rotator strength of TMS is important in judo techniques 
[4]. Since high rotator TMS strength is demanded for judokas, rela-
tive rotator strength is independent of weight categories. The re-
sults also suggested that rotator strength should be evaluated and 
enhanced in judokas.

Association of low relative extensor TMS with LBP in 
judokas in the heavyweight category
Many previous studies involving ordinary people with LBP have 
shown significantly low strength of both the extensor and flexor 
muscles in the trunk, and that extensor strength has a greater im-
pact for LBP than flexor strength [9–13]. However, other previous 
studies did not point out the same tendencies [17, 18]. Moreover, 

it is also unclear whether flexor or extensor muscle strength con-
tributes to the LBP of athletes, but these reflect the characteristics 
of their sport (e. g., extension strength for wrestling, trunk rotation 
strength for golfers) [19, 24]. In the present study, significance was 
confirmed only for PTEX and PTRR in the heavyweight category. As 
expected, a relationship between PREX/PTRR and LBP should exist 
because extensor and rotator strength are more needed in judo-
kas, relatively speaking. However, as a result, significant relations 
of low TMS and LBP existed only in the heavyweight category; this 
suggests that the relationship between TMS and LBP varies among 
cases.

The relationship between low TMS and LBP was more apparent 
in judokas with heavier body weight. It is conceivable that the re-
sult was caused by higher load on the lumbar region caused by 
heavy body weight. This is consistent with our results showing that 
the absolute values of TMS were significantly larger in heavyweight 
judokas than those of the other two groups, although the ratio of 
TMS to body weight was lower in the heavyweight category than 
in other weight categories. The trunk muscle group has the role not 
only of agonist trunk movements, but it is also the dynamic stabi-
lizer of lumbar region. LBP-related weakness of the trunk muscle 
group may be induced by high loads on the lumbar region brought 
about by sports activities [25]. Thus, the possibility of LBP occur-
ring is higher in situations wherein there is the high load on the 
lumbar region caused by heavy body weight and the relative weak-
ness of TMS.

Iwai et al. reported that low trunk extension muscle strength is 
associated with chronic LBP among wrestling athletes [19]. How-
ever, in terms of EX/FX ratio, extension muscle strength is higher 
than flexion strength, indicating that this represents the charac-
teristics of their sport. There are a few studies that involved neither 
ordinary people nor athletes that found that the LBP of judokas has 
characteristics that are not associated with the abnormal agonist/
antagonist ratio in TMS regardless of the weight categories. It 
seems that judokas with LBP show overall lower TMS, and the 
strengths of trunk extensors and rotators, which are frequently em-
ployed in judo specifically, show much lower value.

We previously reported that LBP in middle- and heavyweight ju-
dokas almost always accompanies lumbar radiological abnormali-
ties [8]. Therefore, we hypothesized that LBP in the lightweight cat-
egory is more impacted by low TMS compared with other weight 
categories. However, the influence of low TMS is more apparent in 
the heavyweight category, as shown in this study. Although there 
was no significant difference, the average body weight of the heav-
yweight LBP group was heavier than that of the non-LBP group. 
Trunk muscle cross-sectional area (CSA) is related to LBP, and in the 
heavyweight category, the lack of muscle strength per body weight 
may indicate this result [26]. It is conceivable that we obtained con-
tradictory results because we did not assess the differential diag-
nosis of LBP regarding lumbar radiological abnormalities. In the 
lightweight category, assignment based on the presence of lum-
bar radiological abnormalities, which is a major related factor of 
LBP, is needed because about half of all LBP cases are not accom-
panied by any lumbar radiological abnormalities. In the lightweight 
category specifically, there is a greater need to further investigate 
and remove the influence of lumbar radiological abnormalities.

▶Table 4	 Comparison of peak torques of trunk muscles between subjects 
with and without LBP.

Variables Non-LBP 
(N = 43)

LBP 
(N = 23)

Extensor (N·m/kg)

60 °/s 6.5 ± 1.1 6.1 ± 0.8

90 °/s 6.3 ± 0.9 6.0 ± 0.7

120 °/s 6.1 ± 0.9 5.8 ± 0.7

Flexor (N·m/kg)

60 °/s 3.2 ± 0.6 3.1 ± 0.7

90 °/s 3.0 ± 0.6 2.9 ± 0.6

120 °/s 2.7 ± 0.6 2.5 ± 0.6

Extensor/Flexor ratio

60 °/s 2.1 ± 0.5 2.1 ± 0.4

90 °/s 2.2 ± 0.6 2.1 ± 0.5

120 °/s 2.3 ± 0.6 2.4 ± 0.5

Left-rotator (N·m/kg)

60 °/s 2.2 ± 0.3 2.3 ± 0.3

90 °/s 2.2 ± 0.3 2.2 ± 0.3

120 °/s 2.1 ± 0.3 2.1 ± 0.2

Right-rotator (N·m/kg)

60 °/s 2.4 ± 0.3 2.3 ± 0.3

90 °/s 2.2 ± 0.3 2.2 ± 0.3

120 °/s 2.2 ± 0.3 2.1 ± 0.2

Left-rotator/Right-rotator ratio

60 °/s 1.0 ± 0.1 1.0 ± 0.1

90 °/s 1.0 ± 0.1 1.0 ± 0.1

120 °/s 1.0 ± 0.1 1.0 ± 0.1

Data are presented as mean ± SD. LBP, low back pain.
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Association of low relative rotator TMS with LBP in 
judokas in the heavyweight category
As mentioned above, this is the first trial to investigate the relation-
ships between rotator TMS and LBP in judokas. We first found that 
rotator TMS was the same among different weight categories. We 
also found that low rotator TMS was associated with LBP. There are 
a few studies that investigated the relationship between trunk ro-
tator strength and LBP. These previous studies that involved ordi-
nary people with LBP did not obtain the same results about the re-
lationship between trunk rotator strength and LBP [27, 28]. Other 
studies have also shown that endurance is more important to pre-
vent LBP than trunk rotation strength in elite male golfers [24]. On 
the other hand, the present study could point out the relationship 
between significantly lower trunk rotator strength and LBP related 
to sports activities. We found that the relationship between the 
low strength of the trunk muscles and LBP is caused by intense 
sports activity, wherein demands vary per sport and/or a higher 
load on the lumbar region. This consideration was supported in the 
present study by confirming the relationship between low TMS and 
LBP only in the heavyweight category judokas.

Our colleagues Iwai et al. pointed out a strong relationship be-
tween LBP and low trunk extensor strength, which is particularly 

important for wrestlers [19]. Judo and wrestling have many simi-
larities of sports specificities, thus trunk extensor strength is also 
important in judokas [1]. Also, torso rotation movement plays an 
important role in all situations of judo, particularly in throwing the 
opponent, defending throws made by the opponent, and releasing 
the opponent’s hand grasping the sleeve of one’s judo-specific uni-
form, called the judogi [1]. Moreover, Iwai et al. compared the lum-
bar muscle CSA and intervertebral disc degeneration (IDD) in com-
bat sports (wrestler and judo), and found that the IDD group had 
small CSA [26]. This study indicated that the IDD group was asym-
metrical. The left muscle group in the IDD group was significantly 
larger than right side. Similar results can be considered for this 
study, wherein significance was confirmed only with PTRR. It is con-
sidered that this result is caused by the differences of between 
right- and left-handed users, and/or the dominant direction of ro-
tation.

In this study, there was no difference in the TMS of rotators 
among weight categories, but a significant difference was found 
when this was compared among patients with and without LBP. 
Many previous studies have found that the rotation of the trunk af-
fects lumbar disk disease [29, 30]. In our study, it was found that 
among athletes in the heavyweight category, many had LBP ac-

▶Table 5 	 Comparison of peak torques of trunk muscles between subjects with and without LBP in the three weight categories.

Lightweight Middleweight Heavyweight

Variables Non-LBP 
(N = 9)

LBP 
(N = 5)

Non-LBP 
(N = 20)

LBP 
(N = 9)

Non-LBP 
(N = 14)

LBP 
(N = 9)

Extensor (N·m/kg)

60 °/s 7.0 ± 1.5 6.3 ± 0.5 6.5 ± 1.1 6.4 ± 0.8 6.2 ± 0.7 5.6 ± 0.6 * 

90 °/s 6.8 ± 1.0 6.2 ± 0.8 6.3 ± 0.9 6.3 ± 0.5 6.1 ± 0.7 5.5 ± 0.5

120 °/s 6.5 ± 1.1 6.1 ± 0.7 6.1 ± 0.9 6.1 ± 0.5 5.8 ± 0.8 5.3 ± 0.8

Flexor (N·m/kg)

60 °/s 3.2 ± 0.8 3.4 ± 0.7 3.5 ± 0.6 3.4 ± 0.7 3.0 ± 0.5 2.6 ± 0.6

90 °/s 2.9 ± 0.8 3.3 ± 0.4 3.2 ± 0.5 3.2 ± 0.6 2.9 ± 0.5 2.5 ± 0.6

120 °/s 2.7 ± 0.8 2.9 ± 0.3 2.9 ± 0.4 2.8 ± 0.5 2.5 ± 0.5 2.1 ± 0.5

Extensor/Flexor ratio

60 °/s 2.3 ± 0.7 1.9 ± 0.4 1.9 ± 0.5 2.0 ± 0.4 2.2 ± 0.4 2.2 ± 0.5

90 °/s 2.5 ± 0.8 1.9 ± 0.2 2.0 ± 0.5 2.0 ± 0.4 2.2 ± 0.5 2.4 ± 0.6

120 °/s 2.6 ± 0.9 2.1 ± 0.3 2.1 ± 0.4 2.2 ± 0.4 2.4 ± 0.5 2.6 ± 0.6

Left-rotator (N·m/kg)

60 °/s 2.2 ± 0.2 2.4 ± 0.2 2.2 ± 0.3 2.4 ± 0.2 2.2 ± 0.2 2.0 ± 0.2

90 °/s 2.3 ± 0.2 2.2 ± 0.2 2.2 ± 0.3 2.3 ± 0.2 2.2 ± 0.3 2.0 ± 0.3

120 °/s 2.2 ± 0.2 2.2 ± 0.1 2.1 ± 0.3 2.2 ± 0.2 2.1 ± 0.4 2.0 ± 0.2

Right-rotator (N·m/kg)

60 °/s 2.3 ± 0.2 2.4 ± 0.4 2.4 ± 0.3 2.4 ± 0.2 2.4 ± 0.3 2.1 ± 0.2 *  * 

90 °/s 2.3 ± 0.3 2.3 ± 0.3 2.2 ± 0.3 2.2 ± 0.2 2.2 ± 0.3 2.0 ± 0.3

120 °/s 2.1 ± 0.3 2.2 ± 0.2 2.2 ± 0.3 2.1 ± 0.2 2.1 ± 0.3 1.9 ± 0.2

Left-rotator/Right-rotator ratio

60 °/s 1.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.1

90 °/s 1.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.1 1.1 ± 0.1 1.0 ± 0.1 1.0 ± 0.1

120 °/s 1.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.1

Data are presented as mean ± SD. LBP, low back pain.  * : The Non-LBP vs. the LBP is statistically different by Student’s t-test (P < 0.05).  *  * : The 
Non-LBP vs. the LBP is statistically different by Student’s t-test (P < 0.01).
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companied by lumbar radiological abnormalities [8]. Low rotator 
muscle strength was confirmed only in the heavy weight judokas 
with LBP. In particular, the CSA of the external and internal oblique 
muscles of abdomen, which are the main muscles of trunk rota-
tion, is relatively larger than that of other trunk muscle groups com-
pared with wrestlers. It is possible that no differences were found 
in relative muscle strength among weight categories [1, 26].

Limitations
There are some limitations in this study. One of the most impor-
tant points is a small sample size. Although a total of 66 judokas is 
a relatively small sample size, most of the participants in this study 
practiced judo for more than 10 years. Thus, the cohort of this study 
accurately represents the characteristics of judokas.

Another limitation of the present study is that LBP was not di-
vided into subgroups diagnosed according to differences in pathol-
ogy. There is a possibility that the role of TMS in the development 
of LBP varies among different pathologies. The diagnosis of LBP is 
done by abnormal lumbar radiological findings. We reported that 
almost all cases of LBP in the middle- and heavyweight categories 
were accompanied by at least one lumbar radiological abnormal-
ity [8]. Thus, in these two categories, it may be unnecessary to di-
vide LBP into subgroups according the presence of abnormal lum-
bar radiological findings. However, about half of the LBP cases in 
the lightweight category were not accompanied by any lumbar ra-
diological abnormalities [8]. Thus, for the lightweight category, it 
may be necessary to divide LBP into subgroups according to the 
presence of lumbar radiological abnormalities, and further inves-
tigation is needed remove the influence of these abnormalities on 
the results of the study. We speculated that the relationship be-
tween the low TMS and LBP is apparent after our investigation of 
the lightweight category.

Conclusion
The present study examined the characteristics of TMS in judokas 
across the weight categories and for those with and without LBP. 
The TMS of the extensor and flexor muscle groups was lower in the 
heavier weight category compared to other weight categories, but 
this did not hold true for the rotator muscle group. Furthermore, 
this study concluded that the TMS of heavyweight judokas with LBP 
is characterized by lower strength of the trunk extensor and rota-
tor. The relatively high load on the lumbar region caused by heav-
ier body weight is the probable cause for its relationship with LBP 
and low TMS, especially for rotator muscles.
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